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ABSTRACT
The discovery of rich and readily exploitable mineral 
deposits is becoming increasingly rare. Many mining ventures 
depend now on time-consuming and costly exploration and devel­
opment. • At the same time, the use of minerals and mineral 
products is expanding at an ever-accelerated pace that fore­
casts potential shortages.
For the mineral industry and the major mineral supplying 
areas of the world, another problem is added to the supply- 
demand gap for mineral resources: mineral policy considera­
tions which are already affecting the possibilities of mining 
becoming a major economic force. As the emerging nations be­
gin to move rapidly toward the goals of accelerated develop­
ment and toward a standard of living which requires greater 
use of mineral products, new consumption patterns and new 
adjustments in trade are slowly shaping. Stronger control 
policies over national resources are becoming parts of an 
integrated national economic planning.
The mining industry of Zaire and Zambia has been an im­
portant source of the supply of mineral raw materials to 
the West since the beginning of the colonial era. The growth
iii
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of the industry is one of the most successful economic enter­
prises in Central Africa. The Shinkolobwe mine in Zaire sup­
plied about 6 0 percent of the free world's uranium prior to 
the closure of the mine in 1961. The Zaire-Zambian Copper- 
belt contains the world's largest cobalt reserves (47 percent) 
and supplies more than 6 0 percent of this strategic material. 
But the greatest potential of the Copperbelt countries is 
copper. With the exclusion of the U.S.S.R., Zambian produc­
tion ranks second only to the United States. Zaire occupies 
the fifth place among the major copper producers, and possesses 
one of the world's richest mineral enclaves.
The mineral potential of both Zaire and Zambia has been 
only superficially realized, and exploration and development 
in many parts of the two countries are still in their infancy. 
The development has been concentrated mainly in the Copper­
belt region, which is producing more than one million tons 
of copper each year. The extent of the reserves and the grade 
of copper in the Copperbelt are appreciably greater than those 
of any comparably known belt in the world. This study is an 
analysis of the potential for the development of copper and 
uranium in Zaire and Zambia. The analysis is not limited to 
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"Our dependence on other countries for 
the mineral resources we need to maintain 
our techno-economic growth is already 
staggering.1 (1)
This view expressed in the Stanford Research Institute's 
(SRI) quarterly, Investments in Tomorrow, supports more than 
conclusively the United States Bureau of Mines' estimates 
of the world's demand for minerals during the 1966-2000 
forecast period.
Primary refined copper demand is estimated between 4.90 
and 7.86 million short tons for the United States. During 
the same interval, the rest of the world will need between 
16.8 and 34.9 million short tons of primary refined copper. 
The figures represent corresponding annual growth rates of 
3.7 and 5.2 percent for the United States, and 3.4 and 5.8 
percent for the rest of the world. The cummulative demands 
for primary refined copper, however, are estimated to range 
from 96.4 million to 12 8.2 million for the United States. 
Under the high-range assumption the rest of the world will 
need 403.5 million tons, and under the low-range assumption 




The demand for uranium as an alternative source of energy 
in the United States is expected to range between 61,000 and
69,000 short tons annually. The cummulative demand is esti­
mated between 1,190,000 and 1,536,000 short tons. (2)
On the basis of these estimates, there are clear indi­
cations of potential shortages of mineral supply for the United 
States and the rest of the world. The United States is ex­
pected to import about 30 billion dollars in minerals annually 
by 198 0. (1) The overall United States' mineral imports were
about 8 billion dollars in 1969, when the mineral exports 
deficit amounted to 3.8 billion dollars in the same year, 
compared with the overall trade deficit reaching 2 billion 
dollars in 1971. (1)
The prospect for international development of the mining 
industries during the coming decades looks brighter than dur­
ing the last decade. Because of the exhaustion of rich de­
posits in the United States and rising production costs due 
mainly to environmental control regulations and high labor 
costs, overseas mining investment is expected to become in­
creasingly attractive. Japan and Western Europe's dependence 
on foreign sources for mineral raw materials will add another 
important increase in foreign mining ventures. Both Japan 
and Western Europe account for more than 4 0 percent of the
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-Western world primary copper consumption. The trend will bring 
to the emerging nations new opportunities and prospectives for 
development. With the continuous influx of foreign investments 
into the new world, new areas of conflict, friction, and 
antagonism will arise, because of a change in the attitudes and 
policy measures of the emerging nations regarding non-domestic 
foreign capital and investment.
The revision or the abolition of the old and rigid con­
cession laws and the institution of modern and dynamic arrange­
ments, such as the contract system, mark a drastic change in 
the tradition of mineral development. The change requires a 
challenging adaptation of the industry and the producing 
countries to a new conduct arrangement of the mining enterprise.
The objective of this project is to develop as many 
criteria as possible which are useful in evaluation of the 
development potential of copper and uranium in Zaire and in 
Zambia. Copper and uranium are indeed among the most potential­
ly profitable minerals for the next two decades. Because of 
the critical role of the mining industry in the development and 
industrialization of Zaire and Zambia, reconciliation of foreign 
private and public capital objectives is particularly important. 
The discovery and the development of additional profitable 
deposits of copper and uranium in Zaire and in Zambia will 
depend largely on the harmony of several conditions or factors:
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political, social, economic, market, technological, and 
geologic.
The criteria analyzed in this project are presented in 
three sections. Section II examines the legal and political 
factors governing foreign and domestic investments in Zaire 
and in Zambia. The stability of the area is analyzed to 
assess the success of investment projects in the two countries 
during the post-independence period. Geologic and economic 
considerations of the two countries are discussed in Section 
III, and comprise an analysis of comparative copper and uran­
ium reserves, grades, and resources. The potential of bypro­
ducts and coproducts is also analyzed in this section. Avail­
ability and cost of labor, energy and water resources, trans­
portation, and supplies are examined in Section IV. Inferences 
drawn from the criteria analyzed in all the sections are sum­
marized in Section V. The correlation of the Katanga system 
is given in figure 1 and in Table 1 in the Appendix.
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LEGAL AND POLITICAL BACKGROUND
The post-independence period in Zaire and Zambia was 
accompanied by great difficulties which severely affected the 
development of mining and other productive industries. In­
stability created by the Katanga secession, and other poli­
tical crises during Zaire's first five years of independence, 
became a major obstacle to new investments, although the 
country continued to sell at least 5 0 percent of the agri­
culture products exported before independence and at least 
80 percent of the mineral products, both by value and by 
weight. (3) The Unilateral Declaration of Independence (UDI) 
by Rhodesia in 1965 seriously threatened to cripple Zambia's 
economy after Zambia's full participation in the United Na­
tions' economic sanctions against Southern Rhodesia, and 
Zambia's determination to disengage totally from its economic 
dependence on Rhodesia's fuel, coal, supplies, and transpor­
tation infrastructure.
Also contributing to the instability in Zaire and Zambia 
is the geographic contiguity of both Zaire and Zambia with 
several southern African territories not under African rule:
5
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Angola, Rhodesia (Aimbabwe), and Mozambique. These terri­
tories form what is known today as the African Battleline, 
where several liberation wars and guerilla activities continue 
to receive support and assistance from the Organization of 
African Unity (OAU) and its member governments. The effect 
of Portugal and Rhodesia's rule in southern Africa is par­
ticularly important to the social, economic, and political 
development in Zaire and Zambia because of unfavorable geo­
graphic location of the mineral-rich areas of Zaire and Zam­
bia, which are landlocked. The development of mining there­
fore requires additional investments in costly transportation 
facilities to either the Atlantic or Indian oceans. Current 
programs in railway and road construction and modernization 
reflect Zaire and Zambia's determination to provide neces­
sary and efficient outlets for mining and agricultural pro­
ducts in the two countries. Since independence, Zaire and 
Zambia's Governments have undertaken important and ambitious 
projects that will soon terminate the two countries' present 
dependence on foreign transportation networks: The Bengwela
rail system, the Beira line, and the Rhodesia-South-Africa 
line.
Investment in Zaire and Basic Economic Options
Stability: Located in the heart of Africa, Zaire forms
a junction between French Africa in the North and Northwest,
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Portuguese Africa in the Northwest and Southwest, English- 
speaking Africa in the South, Southwest and in the East, and 
Arabian Africa in the Northeast, map 1. The territory com­
prises vast stretches of land covering a great variety of 
natural regions. The Zaire's landmass is larger than any 
other African country except the Sudan and Algeria. Zaire's 
territory covers 905,000 square miles: about the size of 
continental United States East of the Mississippi. The popu­
lation comprises 25 million inhabitants, living mainly in 
the rural areas. Numerous important urban centers are rising 
in all eight admnistrative Regions: Bandundu, Equateur, Haut- 
Zaire, Bas-Za'ire, Kasai Oriental, Kasai Occidental, Kivu, and 
Shaba. The population density averages 18 to 19 persons per 
square mile. The annual growth rate is about 2.4, and consti­
tutes one of the most important factors in economic development 
planning.
The effetcs of political and social stability on the 
economy are directly related to Zaire's unity, wealth, and 
present policies and commitments. The political upheaval that 
followed independence in 1960 seriously undermined the country's 
unity and caused important damage to the economy. The deterio­
ration of public finances and the intricate expropriation of 
the Union Miniere du Haut-Katanga (UMHK), the country's major 
mining company and only copper producer, aided further to Zaire 
internal political, social, and economic instability
T-1581 8
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and to the temporary halt in foreign investments. Zaire's 
size and disparity of ethnic entities were also invoked as 
adverse arguments against unity. Diversity of tribal groups 
is, however, a reality in all African nations. Beyond the 
apparent divisive differences among tribes lies a much stronger 
unifying force: a cultural, religious, and historical heri­
tage that supersedes national and tribal disparity.
The Katanga attempt to secession was not undertaken with­
out outside help; nor were the Eastern Region's uprising and 
the rebellion initiated without outside help. These simul­
taneous uprisings and the mercenary revolt in 1967 could 
not succeed because neither one of the movements fully rea­
lized the weakness of the undertaking. All misjudged the- 
geographic, the cultural, and the political imperatives of 
contemporary Africa: the need to create larger geographic
entities for stronger cooperation and economic integration.
Zaire's geography supports favorably the unity of the 
country and its stability. The territory comprises almost 
the entire Zaire River basin which is the main drainage in 
the country. All the water flows in the direction of the 
country; and even during flood periods, Lake Tanganyika flows 
via the Lukuga River into the Lualaba, which is the upper 
Zaire. Only the Bandundu Region receives water from a foreign 
source. The Zaire River, with its tributaries branching out
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and reaching every part of the country, is a true unity sym­
bol and an important waterway.
The extent and diversity of Zaire's wealth are also 
unique in Central Africa. The country's accumulation of 
products is particularly attractive, and would be hard to 
find in any comparably sized area in Africa. Whereas in many 
African countries more is done to develop agriculture or 
mining, Zaire's exceptional character lies in the country's 
great potential for agricultural, mineral and abundant power 
resources. A paradox exists, however. The country is rich 
but the populations are still living at the poverty level.
Much remains to be done and many people have nothing to do. 
Although the country has achieved a high level of industriali­
zation, unemployment still remains unsolved. The country's 
prosperity has not yet reached the masses or modernized agri­
cultural production. To solve this paradox, efforts must be 
directed toward increasing production that calls for an in-- 
crease in capital investment in modern machinery. More im­
portantly, however, the population must become integrated 
within the productive forces of the economy. Domestic capi­
tals and resources must combine with foreign private capital 
in order to attain the goals of rapid development and pro­
gress.
Present policies and commitments have been, since the 
advent of the Second Republic in 1965, directed to restore
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peace and order, the security of people and their possessions, 
the authority of the State, and international confidence in 
Zaire. In the economy, the Government set public finances 
in order and opened the country to international cooperation. 
The Government is vigorously pursuing its policies of diver­
sifying Zaire's economic partners. As a result, Zaire has 
succeeded in securing potential partners among the Anglo- 
American financial institutions, Japan, the Common Market,
East Europe, and recently the People's Republic of China.
These policies have put an end to past Belgian dominance of 
Ziare's economy, especially in the extractive industry, which 
was controlled by the Union Miniere group. Shaba, whose min­
eral wealth was an exclusive monopoly of Union Miniere, is 
today open to American, Canadian, Japanese, and other Euro­
pean interests. Charter Consolidated, Ltd. (British), Mitsui 
(Japan) , Amoco Minerals Co. (USA) , Bureau des Recherches Ge'o- 
logiques et Minieres (B.R.G.M.) (French), Leon Tempelsman &
Son, Inc. (USA), and the Zaire Government are partners in 
the newly created Societe Miniere de Tenke-Fungurume (SMTF).
The company's concessions are adjacent to Gecamines' properties 
and are being developed for copper and cobalt. Gecamines 
(Generale des Carrieres et Mines) is a state-owned mining 
company and the successor of Union Miniere. In the SMTF, 
Charter, Amoco, and Leon Tempelsman & Son hold respectively 
28, 14, and 3 percent of the shares. Sodimiza is a Za'ire- 
Japan joint venture company and it is also present in Shaba.
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The company is producing copper primarily for Japanese con­
sumption. Simiza (Societe Internationale des Mines du Zaire) 
is among the new faces in mining development, and Falconbridge 
is taking active interest in exploration, both in Shaba and 
in Lower Zaire.
The Zaire Government holds a 15 percent interest in the 
Societe de Developpement Industriel et Minier du Zaire (Sodimiz 
and the remaining 85-percent of participation is share by six 
Japanese mining firms, with the Nippon Mining Company having 
a controlling interest. (5) Sodimiza1s concessions comprise
36,000 square kilometers that extent to the whole of the 
Southern Shaba Region, and the Haut Shaba along the Zambian 
border west of Lubumbashi and south of Likasi and Kambove.
The company inherited all the records of Gecamines1 previous 
explorations, and was formed in April, 1969. (5)
SMTF and Simiza were created in September, 1970. The 
ratification of the convention and the approval of the com­
panies' concessions were signed in a series of three decrees 
in October, 1970. The Zaire Government holds a 2 0-percent 
interest in the two companies; Charter and Amoco each has 2 8- 
percent interest, while Mitsui and Co., Leon Tempelsman &
Son, Inc. of New York and Omnimines, which has replaced the 
BRGM each have 14, 3, and 7 percent interest. SMTF's conces­
sions were taken from GGcamines1 reserves and lie along the
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KDL railway. The concession area comprises 1,425 square kilo­
meters. (5) Simiza's exploration concessions total 30,692 
kilometers. (5) One-half of the area has been turned over 
to the Zaire Government in accordance with the convention. 
Two-thirds of the remaining area .was released to the Gov­
ernment in September, 1973. About 5,000 square kilometers 
will ultimately be retained by the company; and although the 
exploration concession expires after five years, the con­
vention is renewable.(5)
In the economy, the most significant accomplishments 
are the devaluation, that fixed the real value of the Zaire 
currency at 30 percent of its nominal value, and the promul­
gation of the new code of investment. The monetary reforms, 
introduced on June 24, 1967, fixed the Zaire currency equi-
i . — T in  {*• o m'U „        j r __________  ™ „  J____ J  ._.  vaJLen u uO uo 9^. . ju u ile  i_cijL.y j .e iu j .u i  w aa c i ia C L e u  a:=> jJ d iu
of an economic stabilization program aimed at halting infla­
tion, restoring equilibrium in the balance of payments and • 
public finances, stimulating agricultural production and ex­
port, and abolishing restrictions on current international 
payments. The reform operation was a serious and obvious risk 
that was taken only after long and deliberate study and after 
receiving favorable support from the International Monetary 
Fund (IMF). The operation resulted in a balanced budget in 
1968, equilibrium in the balance of payments, and stable cur­
rency.
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The Government's success in achieving stability and in 
reforming the fiscal and monetary system were brought in line 
with the country's overall economic planning: relaunching
agriculture, improving the transportation facilities, and 
completing the Inga Project. Transportation and Inga are 
discussed in Section IV.
Basic Economic Options: Zaire's basic economic options
include: achieving economic independence through development,
State participation in joint venture development programs, 
and international cooperation. Bilateral and multilateral 
cooperation is maintained with all nations regardless of 
their political or economic systems. Economic independence 
does not mean isolation or protectionism. The existence of 
private firms does not prevent the State from participating 
in the vital economic sectors by buying shares. State par­
ticipation is designed to stimulate national production des­
tined to supplant imports, promote exports, and exploit ex­
ports as the principal source of capital and currencies needed 
for the development of the economy and to utilize customs 
and taxes to meet national development needs. In Zaire, as 
in all developing nations, the State must assume the respon­
sibilities of investment. Because the masses possess vir­
tually no domestic private capital or saving capability, the 
role of the State as an investor and developer is perhaps
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greater than in the more developed affluent societies. The 
State's role and responsibility as an indispensible investor 
is generally understood and supported by national legal and 
political institutions..
The development and the future expansion of the Zaire 
economy are mainly controlled by the Public Powers whose func 
tions and responsibilities are to carry out all the invest­
ments that depend on them and to apply a development policy, 
which includes measure that would promote private investments 
Zaire's Investment Laws: Through the new investment
legislation, the Public Powers intend to accomplish three 
objectives:
-the encouragement of investments which seek the estab­
lishment of new firms or the extension of existing firms.
The new laws are designed to reduce, by means of appropriate 
deductions, the expenses incurred by firms and their contrac­
tors during the first years of operation.
-the liberation of national financial resources in order 
to channel these resources into productive investments.
-the encouragement of foreign capital investments in 
Zaire by granting special transfer guarantees. (6)
Incentive measures are provided under two different sys- 
terns. Projects for establishment, extension, or moderniza­
tion, that are likely to stimulate the economy, are accepted 
under the general system. A contract system is, however,
T-1581 16
reserved for firms whose projects have been accepted under 
the general system according to certain criteria but whose 
investments are large or have far-reaching profit-earning 
capabilities. Only those deductions that would result in in­
ducing investment are provided in the tax advantages. Tax 
reliefs are restricted only to deductions that reduce the 
expenses of new firms during the initial operation stage of 
the firms. The code is essentially selective. Tax advantages 
are assessed according to the importance of the projects in 
regard to the country's economy. Large projects, admissible 
under the contract system, are subject to greater advantages 
than those incentives offered under the general system. The 
size of the investment, the nature of financing, the location 
of the project, the number of jobs created and provisions for 
the training of Zaire personnel, the impact of the investment 
on other sectors of the economy, the project effect on the 
balance of payments, and the conformity of the project with 
the State's economic policy are among the main criteria con­
sidered in admitting any investment project. The Public 
Powers reserve the right to appraisal of the merits of each 
investment according to criteria and procedures that are care­
fully defined in the Code.
The 196 9 Investment Code was enacted to meet the exigen­
cies of promoting the country's economic development. The 
laws offer only measured advantages that correspond to the 
real possibilities and economic opportunities of the country.
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The Code rules out all excessive advantages that could upset 
the balance of payments and the public finances. ' The present 
clauses of the investment laws do not meet the needs of small 
and middle-sized firms because of the nature and the condi­
tions required for their application. Special laws are there­
fore required for the small firms whose importance in the 
country's economy is obvious and is recognized by the Govern­
ment. This analysis is limited, however, to large firms only.
The general system offers five-year exemptions from cor­
porate income tax and from real estate taxes, exemptions from 
corporate fees, from import duties on capital equipment, and 
exemption from income taxes for expatriate employees until 
the start of operations. Additional benefits available under 
the contract system are considered on a case-by-case basis.
The Code guarantees the transfer of profits to foreign stock­
holders, the repatriation of capital in the event of liquida­
tion, and the availability of foreign exchange for payment of 
principal, interest, and other charges on foreign loans con­
tracted to supplement the original investment. (6)
The Code provides for the arbitration of disputes. Zaire 
is a signatory to the Convention on the Settlement of Invest­
ment Disputes' between States and nationals of other States.
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"The rights of private and collective pro­
perty, whether acquired through statute law or 
common law are guaranteed by the Constitution"f
and
"The exercise of this right cannot be pre­
vented except in the case of motives, that are of 
a general nature and under the terms of law, subject 
to a just compensation paid to the injured holder 
of this right." (6) (Article 4 of the Investment
Code).
Investment in Zambia and Basic Economic Options
Stability: The Zambia's landmass area covers 290,658
square miles and lies entirely within the intertropical cli­
mate zone of Central Africa. The country's national boundaries 
are shared with Zaire in the North, Tanzania in the Northeast, 
Malawi in the East, Mozambique in the Southwest, Rhodesia 
(Zimbabwe) in the South, Botswana at the quadripoint between 
Rhodesia and the Caprivi Strip, South-West Africa or Namibia 
via the Caprivi Strip, and Angola in the West (map 2).
The Zambia's population numbers 4.3 million according to 
1972 estimates. Most people live in rural communities. The 
rate of growth is about 2.5 percent. Mining towns are becom­
ing important urban centers.
Formerly known as Northern Rhodesia, Zambia achieved in­
dependence in 1964, but remained a member of the Commonwealth. 
Zambian post-independence stability is primarily linked with 
its position within the African Battleline. The country is
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the largest African nation bordering several southern African 
territories not under a majority African rule: Rhodesia,
Angola, South-West Africa, and Mozambique. Only its northern 
and eastern boundaries touch states under African rule: Zaire
and Tanzania. Zambia is totally landlocked and is linked to 
the outside world only by railroads, highways, and air trans­
port. Transportation through Angola to the Atlantic Ocean is 
made via Zaire. Zambia Railways, formerly an integral part 
of the Rhodesian Railways system, is also tied to the Union of 
South-Africa and to the port of Beira in Mozambique. Because 
of the UDI and Zambia's opposition to Portugal, every effort 
has been made to abandon the Mozambique link, the Rhodesia- 
Union of South Africa and the Lobito routes. Effort by the 
Zambian Government is directed at making maximum use of the 
Great North Road through Tanzania to Dar es Salaam on the 
Indian Ocean. Dar es Salaam is also the terminal point of 
the 1,100 mile Tan-Zam Railway now in its final stages of con­
struction (see Sec. IV).
UDI and Economic Disengagement from Rhodesia: Although
national unity and internal social and political problems con­
tinue to preoccupy much of the Government's development effort, 
the most seriously challenging economic, political, and so­
cial problem for Zambia in the post-independence time remains 
the Unilateral Declaration of Independence by the rebellious 
British colony of Rhodesia and the subsequent economic sane-
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tions imposed by the United Nations against the colony's 
Government. Because of their past colonial historical ties, 
Rhodesia had been the primary Zambian supplier of coal, fuels, 
and supplies. It has also been the most important transit 
route for Zambian copper and for imports. UDI took place in 
1965 and Zambia gave its prompt and full support to the United 
Nations' sanction measures.
Zambian full participation in the sanctions against Rho­
desia and the Zambian pledge of commitment to African majority 
rules in Rhodesia, Angola, and in Mozambique have forced the 
reorientation of the country’s trade and the building or im­
provement of alternative transport facilities by way of Tan­
zania. In this apparently suicidal decision of economic dis­
engagement from Rhodesia and from the two Portuguese terri­
tories, new strains have been imposed on the public budget. 
Coal and fuel shortages, high transport costs, import defer­
ment and delays, that followed the UDI, threatened for a time 
to cripple the economy. The mining industry suffered several 
temporary cutbacks during 1966-67 as a result of fuel and 
transport problems. The Four-Year Development Plan that was 
launched in mid-1966 contained, as one of the priorities, the 
development of new communications, sources of energy, trans­
port, and other infrastructure.
Among the major projects initiated by the Government were 
the development of Zambian coal resources, the completion of
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the petroleum pipeline from Tanzania, the construction of 
the Kafwe hydro-electric complex to supplement the jointly 
owned Kariba dam on the border with Rhodesia, the surfacing 
and improvement of the Great North Road leading to Tanzania; 
the purchase of new equipment for the Zambia Railways; and 
the construction of the Tan-Zam Railway.
Basic Economic Options and Investment Climate in Zambia: 
Since independence, Zambia has adopted a mixed economy policy, 
which combines private domestic and foreign capital with pub­
lic resources. The objective is to promote economic progress 
through development that emphasizes productivity rather than 
the distribution of income. Where private initiative is weak 
or lacking, and where conformity with public policy is not 
satisfactory, the Government may intervene. The Mulungushi 
Declaration of April 19, 196 8, contains the specifics of Zam­
bian economic policies.
In line with the Mulungushi Declaration, wholesale and 
retail trade, and transport industries were reorganized. INDECO, 
the Zambia state conglomerate of 5 0 subsidiary or associated 
companies, acquired 51-percent ownership of all major building 
supplies, transport, retail trade, and wholesale industries.
The policy of size-limit is applied to all Zambian ownership 
of private enterprises. Also known as Zambianization, the po­
licy provides for state participation in domestic private
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enterprises when Zambian-owned private firms reach a certain 
unspecified size. Ultimate state take-over of the firms is 
also provided when these large-scale, Zambian-owned private 
enterprises achieve a still larger size-limit. (7)
In the mining industry, MINDECO, the state-owned mining 
corporation assumed 51-percent control of the copper industry 
in 196 9 in line with Zambianization. However, the measure 
falls short of a complete state take-over despite increased 
Government regulation that restricts dividends remitted abroad 
to 50 percent of net orofit or 30 percent of equity capital 
and despite the establishment of a Government-controlled 
copper-marketing board. The 5 0-percent of net profit or the 30- 
percent of equity capital option is intended to ensure a further 
sharing by Zambia of the mining earnings that must be reinvested 
in "the expansion of mining and processing capacity or in 
other enterprises within the country." (7)
Although the 51-percent Government participation and the 
50-percent restriction on net profit repatriation may serve 
as a deterrent, especially to new foreign investment,.Zambian 
economic policies are not radical. A variety of incentives 
and guarantees are offered. The size-limit criteria are based 
on capitalization, turn-over, and employment. The responsible 
ministers determine the size-limit and the stage at which a 
state take-over may be initiated at a fair valuation. The
T-1581 24
methods of nationalization are spelled out in advance and 
are contained in a Government certificates when the invest­
ment is first made.
Other incentives for foreign investment include: tariffs
protecting infant industries, duty-free imports of raw mat­
erials, and complete tax relief for a period of up to 5 years 
to industries regarded as beneficial to the country’s economy. 
However, contracts of less than $140,000 are awarded to Zam­




The copper produced from Zaire and from Zambia represents 
about 2 0 percent of the world’s total. Zaire's production 
is about- 6 percent and Zambian production 13 percent, compared 
with 2 0 percent in the United States, and 15 percent in the 
USSR. (8)
At the same time, uranium production from Shaba in Zaire 
represented about 6 0 percent of the world's total before the 
mid-1950's. Zaire and Canada were the only significant ura­
nium producers before the beginning of the nuclear age. Be­
cause of political and economic reasons, production in Zaire 
has been halted since independence.
Copper Reserves: The entire copper production of Zaire
and Zambia comes from the Copperbelt area divided into the 
Shaba Copperbelt and Zambian Copperbelt. The two areas lie 
on the borders between Zaire and Zambia. The Zambian Copper­
belt comprises two belts, Fig. 1. The first belt— the Muful- 
ira, Bwana, Mkubwa--follows the Shaba border. Running par­
allel some 2 0 miles to the southeast is the Bancroft, Nchanga, 
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TABLE 1
THE STRUCTURAL SETTING OF THE COPPERBELT 
TH E  MAIN M INERALIZED LINEAMENT ( 9  )
Country Rock
Name of Intervening or Type of Other
Deposit Distances Stratigraphic Structure Features
(in miles) Position of Note
Mtuga
75
Granite small, massive 
deposits
Roan Antelope 'I Ore formation syncline
Baluba f “  
23
Ore formation syncline
Nkana I - Ore formation syncline
Mindola f
17










Kirila Bomvve 'i Ore formation anticlinal nose '̂ Bancroft Mine
Konkola f - Ore formation dome .
Mushoshi
50
Ore formation dome J Same dome
Kipushi ' — Kakontwe related to
50 limestone faulting
Shinkolobwe "T Veins contain­
ing uraninite
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These two belts contain an estimated 59.5 million short tons 
of copper. (10) The mines of the Shaba Copperbelt run in a 
narrow 2 00-mile belt along the Zambian border, with integrated 
production centers at Kolwezi, Likasi, and Lubumbashi, map 3. 
Here estimates of copper reserves are about 39.6 million short 
tons, (10) to which should be added recent reserves now being 
developed by SODIMIZA and SMTF and totalling 187.1 million 
short tons. (5) Compared with the resources of other major 
producing areas of the world, the Central Africa Copperbelt 
is the richest (see Table 2).
Grade
Like the reserves, the grades of copper in the Copper­
belt compare competitively with ore grades mined in other 
parts of the world. Presently mineable copper ores contain 
between 0.4 and 6-percent metal copper. In the Copperbelt, 
it is not uncommon to mine copper ore with 6.5 to 8-percent 
metal content. Sodimiza's reserves in Shaba contain 28.58 
million short tons of copper, with 5.1-percent content at 
Tshinsenda mine, and 110.23 million short tons, with 3.5 per­
cent content at Musoshi. (5) The deposit has a copper vein 
2 3 meters thick, with a content of 8.4-percent copper. The 
reserves belonging to SMTF comprise 22.04 million short tons 
of copper that averages 6.2-percent and 0.4-percent cobalt.
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million additional short tons.
Zambian copper grades, though slightly lower than Zaire’s 
ore grades, fall in the 4-percent range as shown in the fol­
lowing table.
TABLE 3 




Copper reserves produced 
million tons
Rhoanglo 211 17.8 4.4
Nchanga 78 4.4 10.2 1.8
Bancroft 38 3.7 3.9 0.2
Nkana 75 2.9 3.6 2.4
Bwana Mkubwa 4.0 '0.1 0.03
Selection Trust 167 13.3 4.8
Mufulira 52 3.3 5.9 2.3
Roan Antelope 62 2.9 2.7
Baluba 2.4 2.7
Chambishi 3.4 1.2
Chibuluma 3 4.6 0.5 0.2
Total 378 31.1 9.2
Higher grade copper occurs at Hippo Mine at Kafue Na­
tional Park. The reserves of copper and gold traces obtained 
from the survey on the mine are shown in the following table:
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TABLE 4







Dump 300 17 (?)
Proven
reserves 4,995 319 256
Probable
reserves 5,307 327 239
Total 10,602 663 495
These minimum mineable reserves assume a mining loss of 
2 0 percent and a treatment recovery of 8 0 percent, and occur 
at 150 feet depth. According to the report, additional re­
serves may exist below 15 0 feet. The grade of the ore at 
the mine is extremely variable, ranging up to more than 2 0- 
percent copper and averaging 7.6 percent for the proven and 
probable reserves. (13)
The Mineralogy of the Copperbelt
In Shaba, copper oxides are widely spread, and are of 
higher ore grades than the sulphides, which are still signi­
ficant and mined. The sulphides generally occur deeper in 
zones unaltered by surface waters and in the form of veins, 
spots, or impregnations. Chalcopyrite, bornite, and chal- 
cocite, in order of importance, are among the most common 
varieties. The mineralizations most commonly found are mal­
achite, chrysocola, and cuprite. These oxides and a number 
of other varieties appear as impregnations, concretions, and
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deposits in the sediments.
Sample analyses made on oxides from different copper 
beds yielded on the average 14.21-percent copper. (14)
Table 5 gives the results of such an average sample:
TABLE 5




F e , Ca, Mn, M g ---------------   5.80
C02, H20 ----------------------------------- 11.20
100.00
Some malachite veins at the Likasi deposits however yielded 
up to 90-percent copper. (17) Figure 2 gives the lithographic 
sequence at Kambove. The sequence is also typical of all the 
copper beds in Shaba. The content in copper and other im­
portant minerals comprised: 22.16-percent copper, 0.781-
grammes-per ton gold, and 31.136-grammes-per ton silver.
The maximum copper content was 4 9.45 percent, and the maxi­
mum silver content 2.84 0 grammes.
In Zambia, the deposits are principally sulphides.
Local secondary oxides are also present. Pyrite, Chalcopy- 
rite, bornite, and chalcocite are the most important sulfides 
both in order of abundance and in approximate order of in­
creasing copper content. (9) The sulphides occur as "dis­
crete irregular-shaped grains molded onto and replacing the 








The Kambove lithological sequence. Shafts J, H, and I 
are connected from north to south, and cross section 
is shown in Fig. 2b.
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TABLE 6
The Katnbove lithological sequence: 
copper mineralization. (17)
% copper content
1. Quartzite and argillite steril
2. Quartzite 1- 2
3. Malachite 50
4. Quartzite with malachite
nodules 9-10
S. Soft'sandstone 7- 8
6. Quartzite 7
7. Argillaceous sandstone 15
8. Quartzite 9
9. Argillaceous shales 6- 7
10. Soft shales steril
11. Argillaceous shales 5- 6
12. Sandstone and quartzite 19-20
13. Sandstone and quartzite 10
14. Sandstone and quartzite 14
15. Quartzite 9-10
16. Quartzite 12
17. Quartzite with malachite veins 12
18. Quartzite with malachite veins 4- 5
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Fig. 2b (17)
Cross section: Kambove lithological sequence.
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TABLE 7













concentrations, lenses, and streaks. The content in pyrite 
is about 2 percent throughout the deposits: the main min­
eral, however, is chalcopyrite, followed by bornite. Chal- 
copyrite constitutes "about half the ore in most mines" (9), 
and malachite is the main oxide.
The' lithologic sequence at Mufulira is typical of all 
mines in the Zambian Copperbelt. Local variations however 
occur. This well-defined and repeated sequence consists of: 
argillite, dolomite, graywacke, sericitic quartzite, and gritty 
quartzite. Conglomerates occur between dolomite and gray­
wacke. The bottom of the sequence consists of felspathic gritty 
to pebbly quartzite. (9) The argillite and the dolomite form 
what is generally known as the Ore shale formation, which 
contains about 2/3 of the ore. Important mineralizations, how­
ever, occur above and below the Ore shale formation. The con­
tinuity of the Ore shale formation "at approximately the same 
stratigraphic horizon along the whole length of the Copperbelt, 
from Bancroft to Roan Antelope" (9), served as a guide in 
early-days prospecting, although the ore does not occur through­
out the formation.
The distribution of the ore follows three main alignments, 
the Ore shale line, "the quartzite deposits on the other side 
of the Kafwe anticline, and a third minor line to the west 
through Chibulama and Mimbula". (9) Mimbula is 6 miles south­
west of Nchanga and southwest of Chingola. The Kafwe anti­
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cline is the dominant structure of the Zambian Copperbelt: 
its average trend— 145 degrees— is roughly northwest-south­
east. "For nearly 30 miles through the Copperbelt the Kafue 
river follows the anticlinal axis" (9) that plunges under 
an east-west syncline east of Bancroft "and then rises to 
form the Luina dome" (9) in Shaba, Fig. 3.
The distribution of the quartzite deposits is limited.
The orebodies are also less continuous. From Bancroft to 
Roan Antelope, the Ore shale line stretches for about 80 
miles. The^deposits are confined in a 5-mile-wide and 80- 
feet- thick strip of Ore shale. As in Shaba, the grade of 
the ores and the thickness are remarkably regular over large 
areas, both in individual deposits and over a number of de­
posits. Unlike those in Shaba, however, the Zambian deposits 
contain low ore grades that are about 3-percent copper, and 
between 0.16 and 0.18-percent cobalt. (10) The grades are 
generally higher in the overlying Katanga system (character­
istic of Shaba), and range between 2 percent and 6 percent 
in copper content without diminution. (9)
As in Shaba, Zambian copper mines lie in "an arcuate 
mineralized zone over 300 miles long and generally less than 
40 miles wide." (9) Copper deposits in Shaba follow a 250- 
kilometers-long and 40 to 6 0-kilometers-wide mineralized zone.






























characteristics. The Zambian Copperbelt and Zaire Copperbelt 
lie on an eroded mid-Tertiary peneplane, Fig. 4. This pene- 
plane is generally monotonous and flat on the Zambian side, 
although the imposing Mpata monadnock rises 4,500 feet high. 
Also conspicuous on the Zambian side is the 4,600-feet-high 
Munkunka Hill of late-Cretaceous, contrasting with the Lukuga 
swamp (3,600 feet). The Katanga plateau, on the other hand, 
has hills and ridges that culminate in some higher elevations, 
the Kundelungu and the Biano plateaus. These mid-Tertiary 
peneplanes attain an elevation of 5,5 00 feet.
The rivers have cut their valleys 3,600 feet deep, and 
flow from south to north approximately perpendicular to the 
regional fabric of the geologic formations of the region. A- 
mong these in Shaba are the Lupoto, the Dikulue, the Lufira, 
and the Lualaba. In Zambia, the Kafue river forms the main 
drainage in the Copperbelt area.
The rocks exposed in the Copperbelt consist mainly of 
conglomerates, arkoses, schists, limestones, dolomites, 
shales, quartzites, granites, and granite gneisses, which 
underwent intensive metamorphism and pronounced folding. 
Faulting is more complex in the Shaba Copperbelt.
In Shaba, copper veins and the deposits are found most 
often on the hillsides or on top of the hills. The hills 








I I  M ID-TERTIA RY AFRICAN SURFACE 
H I  LATE -  TERTIARY SURFACE
1 7  KAFUE VALLEY
F i - g  .  4  E ro s io n  su rfaces a n d  physical fea tu re s . (  9 )
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small grass vegetations during the rainy season. The absence 
of vegetation on those copper outcrops and deposits can be 
attributed to copper oxidation which is harmful to the growth 
of vegetation. The steeper the hills are, the farther copper 
oxides are carried and the larger is the arid area, Fig. 5. 
Secondly,- there is only one type of tree growing in the 
surrounding copper forest area. The Misukus grow on a 100 to 
2 00-meter-large zone of the surrounding forest area, and attain 
only 2 to 3 meters height. They are more resistant to the copper 
oxides than other trees, and grow shorter than in deep forests 
where they appear healthier and stronger.
The copper clearing areas in Zambia support the observa­
tion made about the copper clearings and deposits in Shaba. As 
shown in figure 5, "Such a texture on a hill crest, slope, or 
cutting across a valley is almost certainly indicative of ab­
normal concentrations of metallic elements in the soil and 
underlying rock." (9) The abnormal vegetation and surface 
charactreistics of the copper clearings consist mainly of 
sparse grass, low shrubs, and absence of termitaries. The pat­
tern produces "a smoother texture than that of adjecent 
areas." (9)
Genesis of the Copperbelt Copper Ore
The overall structure of the Copperbelt, apart from im­





Fig. 5 (17) (modified)
Abnormal vegetation pattern in Shaba
1. ab iron deposit
2. cd altered shale
3. ef stratified quartzites with malachite
4. hg quartzite with malachite
T-1581 44
Fig. 6a Mufulira, May, 1930. The solid line is at the base of the C 
Ore horizon. The western limits of the A, B, and C orebody outcrops are 
marked by their respective letters. Their down-rake limits are marked by 
lines of short dashes. The line of long dashes marks the north edge of a 
strip of sparse vegetation which is slightly arcuate across the stratigraphic 
section extending into the hangingwall argillitic quartzite for most of its 
length. Both strips of clearing extend eastwards from the edge of the 




Fig. 6b Stereoscopic view of the M imbula copper clearings. Dambos 
are outlined by dots; all other light areas are copper clearings. The dashed 
lines are along linear features which may indicate fracture zones or faults. 
If a stereoscope is not available, place a sheet of stiff paper vertically in the 
space between the photographs and view from a distance of 1 to 2 feet.
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deposits, is the alignment of the ores from Shaba in Zaire 
to Zambia, Fig. 1. The first belt extends from Kipushi to 
Mtuga over a distance of more than 2 00 miles at a nearly per­
fect straight line.
"The belt is little more than the width of 
the individual copper deposits. The few deposits 
that-are not included in this conspicuous align­
ment together make a parallel alignment roughly 
16 to 20 miles distant." (9)
The second belt stretches from Etoile du Congo to Bwana Mkubwa, 
and includes Mokambo deposits and Mufulira deposits.
The lineament is particularly important, because it is 
a "fundamental fracture, visibly affecting only the basement 
rocks" (9) and not the Mine series described in the appendix. 
The Mine series includes "twelve or more deposits, with the 
few exceptions on a parallel line." (9) Both the length and 
the almost perfect lineament of the copper belt are structur 
.ally unique. The line shows a broad structural symmetry and 
serves as an axis, suggesting that structure would be asso­
ciated to the ultimate source of copper. The tectonic chan­
nel would also serve as a way for the mineralizing water 
solutions some 6 00 million years ago. (9)
The source of copper in the Copperbelt would not be 
associated with an epigenetic mineralization of a granitic 
magma, because all the granite intruded in the area is older 
than the Katanga system that lies unconformably on the
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Basement complex. Secondly, post-Katanga intrusive granite 
or channelways from the Basement granitic mass are not found. 
Although some small occurence of copper is found in the 
rocks of basement, no deposits of any economic significance 
have been discovered.
A possible explanation of the origin of copper in the 
Copperbelt has been suggested by W. G. Garlick (1961) :
The epigenetic theory bacame untenable when it 
was demonstrated during 1940 and 1941 that:
(a) All contacts of granit with Katanga 
sediments in underground exposures were 
unconformities and these granites were 
thus older than the copper-bearing beds.
These discoveries were made in the fol­
lowing order at: Nkana, Mindola, Nchanga,
Roan Antelope, and Mufulira. Re-examination 
of surface exposures and drill cores 
showed unconformable relations at Chambishi, 
Chibulama, and north of Mokambo.
(b) At Nkana North orebody the copper grades 
below the level of supergene enrichment 
(roughly 450-foot level) were independent 
of the dragfolds. That is, the copper
Content per unit weight of rpck was 
exactly the same (to the first decimal place' 
of the percentage grade) in the squeezed 
limbs- as in the greatly thickened crests 
and troughs of the dragfolds. This was 
true for thinner horizons such as the Cherty
ore or for the Ore shale as a whole. This 
relation was found to be valid also at 
the Roan Antelope (Howard, personal 
communication, 1940). (9)
From these evidences, Garlick concluded that the mineral 
zation of copper took place contemporaneously "with either
diagenesis or deposition of enclosing sediments." (9) Be-
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cause the copper grades are independent of the dragfold, the 
mineralization occurred earlier than folding. These evidences 
support syngenesis as a more tenable explanatory theory.
The zonal arrangement of sulphides found in the Kolwezi 
district and in the Ore shale at Baluba, Nkana, and Cham- 
bishi (Fig. 7) substantiates the validity of the theory. The 
application of the principle has permitted the successful 
prediction and discovery of copper sulphides at Mufulira 
West, where "copper sulphides are anticipated, and are found, 
between the pyritic dissemination in the centre of the de- 
positional basin and the barren, shallow water sediments at 
the edge of the basin," (Fig. 7). (9) The drilling and the map­
ping (of the 1,25 0 and 1,6 80 foot levels) showed the existence 
of a "primary zonal arrangement of the sulphides down-dip 
(to the west) and from north to south, the zones being char­
acterized successively by chalcocite, bornite, carrollite 
and chalcopyrite, and finally pyrite." (9) The variable 
overlaps of the stratigraphic zoning of the sulphides are 
caused by transgression and regression of the shoreline,
Fig. 8.
The relative contribution of river and sea water can 
be shown by figure 9. Stagnant sea bottoms contain a large 
volume of sufficient to precipitate considerable amounts
of copper before precipitating a large quantity of iron. Al­
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F i g .  7 Diagrammatic section through Ore shale as at Baluba, 
Nkana, and Chambishi, showing the relation of the ore to facies changes. ( 9 )
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F i g . 8 Diagrammatic section showing the relation of stratigraphic
sulphide zoning to transgression and regression of the shore line. ( 9 )
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F i g .  9 Mufulira West. Shoal waters over granite hill and eddy 
current behind, causing iron sulphide precipitation between bays contain­
ing copper-iron sulphides. ( 9 )
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vanadium, and zinc occurs in small quantities which are not 
precipitated by H^S and biological processes. The contribu­
tion of the sea water in copper, lead, or zinc to form the 
sulphide precipitates is not significant; but iron may be 
precipitated in appreciable quantities as hydroxide or as 
sulphide with the copper when the streams having an acidity 
of 2 to 5 pH and carrying large amounts of iron empty into 
the sea where the pH is 7 or 8. The high iron content of 
the sulphides of Chibulama deposit may be attributed to such 
a process. (9) Streams having a pH greater than 5 and having 
no complexing agent can carry only 0.02 ppm iron in solution 
and "may be enriched in copper relative to iron. On enter­
ing the sea, the copper may be selectively precipitated to 
give deposits rich in chalcocite and bornite." (9)
The orebody at Mufulira West is split by a narrow, sin­
uous, and pyritic zone that would be explained by this pro­
cess. The ore overlies a submerged granite hill. The py- 
rite dissemination in the centre of the basin is joined by 
the narrow, sinuous, and pyritic zone in the upper portion 
of the ore. This C orebody, figure '9, is made of widespread 
chalcocite, bornite, and chalcopyrite disseminations around 
the granite hill, which "formed a shoal area behind which 
an eddy current carried large volumes of sea water, impov­
erished in copper but with normal iron content, close up to 
the shoreline." (9)
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Stagnating conditions in sediment traps or closed depos- 
itional basins in an arid climate would be essential for hy­
drogen sulphide to act as an "efficient selective precipitant 
for copper under ideal conditions for mass chemical reactions 
(9)
Copper Production
Copper production in Shaba began in 1911, five years 
after British and Belgian interests— represented by the Bel­
gian crown, Compagnie du Katanga, and Tanganyika Concessions, 
Ltd.— pooled their claims and founded the Union Miniere du 
Haut Katanga. The Union Miniere was a part of the Societe 
Generate de Belgique, the octopus Belgian holding company. 
UMHK's copper concession extended some 19,95 0 square kilo­
meters in Shaba. (14) The growth and the importance of cop­
per production of the company is shown in Table 8.
After the mining dispute between Union Minidre and the 
Zaire Government in 196 6 and the subsequent nationalization 
of UMHK, Gecomines (recently changed to Gecamines) was formed 
to continue the operation of the mines. In recent years, 
however, new firms— foreign, private, and joint venture con­
cerns have moved to acquire concessions and mining develop­
ment rights in the Zaire mining industry. The termination 
of UMHK and subseqnetly Gecamines1 monopoly control of Zaire* 
extractive industry has led to the present tempo of invest­




Copper production and potential in the Copperbelt
1. Zaire: Production of mineral commodities
(Metric tons unless otherwise specified) (15)
Commodity________________   1958_____  1969 1970p
METALS
Beryllium, beryl concentrate, gross weight 144 130
Cadmium smelter production 320 r316 260Cobalt:
Mine output, metal content 10,562 10,596 13,958
Refinery production 10,549 r 10,596 13,374
Columbium-tantalum concentrate 113 83 146Copper:
Mine output, metal content 327,000 356,906 385,679
Blister and leach cathodes 326,500 363,758 385,543
Refined 167,000 182,291 189,600
Germanium, content of concentrates
kilograms NA rll,325 . NA
Gold troy ounces 169,975 175,804 177,128
Manganese ore and concentrate.
gross weight 321,811 311,429 346,950
Rare earth metals, monazite concen­
trate, gross weight NA 178 143
Silver thousand troy ounce3 2,139 1,896 1,709Tin:
Mine output, metal content long tons r6,165 r6,542 6,345
Smelter, primary do 1,892 rl,851 1,374
Tungsten mine output, metal content r86 r!43 —
Zinc:
Mine-output, metal content 126,529 94,558 105,082
Metal, primary 62,573 63,732 63,750
Commodity
NO N M ET A LS
Cement, hydraulic thousand tons 294 322 e384
Diamond:
Gem thousand carats 551 491 1,750
Industrial do 11,353 13,625 12,336
Total do 11,904 14,116 . 14,086
MINERAL FUELS AND RELATED
MATERIALS
Coal, bituminous thousand tons 71 66 104
Petroleum refinery products:
Gasoline thousand 42-gallon barrels 691 884 1,022
Kerosine and jet fuel do r42i 573 572
Distillate fuel oil do 1,006 1,180 1,332
Residual fuel oil do 1,595 1,899 1,754
Lubricants do 126 — ~
Other do 10 9 13
Refinery fuel and losses do 248 354 266
Total do 4,097 4,893 4,959
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Tables 8 and 9 indicate the growth, present importance, 
and potential of copper in Zambia. (9) Initial production 
started in 1913, although Africans had worked some of the 
Zambian copper mines centuries earlier. The discovery of 
the Zambian Copperbelt was made in 19 02 by two Britons: W. C.
Collier and J. J. Donohue.
There are six large mines in Zambia which account for the 
total copper output. Production from these mines is ensured 
by subsidiaries and stockholdings of the Anglo-American cop­
per producers. The most important companies among the Anglo- 
American producers in Zambia are the Anglo-American Corpora­
tion and Roan Selection Trust, Ltd. (RST). These two groups 
owned and operated Zambian major mines before the new Zambian 
reorganization policy. More than 80 percent of the share of 
RST are owned by U.Ŝ . interests. Anglo-American .Corporation 
is the larger of the two, and controlled the Nchanga, Ban­
croft, Nkana, and Bwana-Nkubwa mines. In addition, Anglo- 
American held 26.7 percent interest in four RST's companies 
producing at Mufulira, Chambishi, Baluba, and Chibulama.
Only Roan Antelope was 100 percent and the mining companies 
and the mines and minerals legislation of 1969 are described 
as follows:
Assets acquired: All mining and metallurgical
assets of Rhokana Corporation, Nchanga Consolidated 
Copper Mines Ltd, Bancroft Mines Ltd. Rhokana.Copper 
Refineries Ltd, Mufilira Copper Mines Ltd, Luanshya 
Mines and Mwinilunga Mines (Kalengwa Mine).
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Price: Based upon book value as of 31 De­
cember 196 9.
Payment: By issue of MINDECO bonds, fully and 
unconditionally guaranteed by the Government of the 
Republic of Zambia. Bonds are freely negotiable: 
repayment is to be in US dollars, and interest at 
6 percent per annum is to be free of Zambian taxes. 
Payment is to be made in equal semi-annual instal­
ments .
Period of repayment: The debt will be paid off
in eight years for assets acquired from Roan Selection 
Trust, and in twelve years for assets acquired from 
Zambian Anglo-American.
Acceleration of payment: In the event that
payment for assets acquired is less than two thirds 
of the dividend received by MINDECO, payment will 
be equal to two thirds of the dividend received.
This clause did not apply during 197 0 for former 
Roan Selection Trust properties, and during 1970 
and 1971 for former Anglo-American properties.
Fees for management and sales: Services cur­
rently provided by the former parent companies. 
Anglo-American (Central Africa) Ltd and Road Selection 
Trust, to the new companies. Management consulting 
and sales agency fees have been fixed at one and a 
half percent of gross turnover plus 2 percent of pro­
fits after mineral tax but before income tax. Although 
details are still to be worked out on these, the 
agreement for management fees will run for a minimum 
of ten years to coincide with the anticipated repay­
ment period.
Non-mining assets: All assets not acquired by
MINDECO will be externalized, in the case of Roan 
Selection Trust to the United States, and in the 
case of Anglo-American to Bermuda.
Taxation: During the period of bond repayment,
there will be" no increase in taxation beyond the 
present effective 73.05 percent of profits, as a 
result of the new mineral and income taxes.
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Dividends: During the period of bond repay­
ment, dividends will be freely remittable outside 
Zambia. Dividends will be equal to consolidated 
profit after taxes and after providing for capital 
and prospecting expenditure.
In addition, there have been tax changes and 
new legislation covering mining activity in the 
country.
Tax reform: Previously, payments to the Gov­
ernment consisted of a royalty, an export tax and 
an income tax on profits less royalty and export 
tax. Royalty and export tax were determined on 
the basis of an average of prices on the London 
Metal Exchange, above certain levels and irrespec­
tive of costs of production. This tax structure 
is to be replaced by a mineral tax and an income 
tax both based upon profits.
THE MINES AND MINERAL ACT OF 1969
This act vests in the President on behalf 
of the Republic, "all rights of ownership in, or 
searching for, mining and disposing of minerals". 
Thus, all the previously held mining rights (pros­
pecting licenses, special grants and mining loca­
tions) revert to the state. The bill contains a 
schedule listing properties for which mining li­
censes will be granted. It covers all those mining 
operations currently in production.
A simplified system of graduating from pros­
pecting to exploration to mining licenses is provided 
for in the new act. Pre-conditions are imposed 
for the granting of each type of license; they 
include minimum expenditure requirements, presen­
tation of detailed plans of action, maximum holding 
periods, and the right of the state to acquire an 
interest in any mine developed in a prospecting 
area. Prospecting licenses will be issued for spec­
ific areas and minerals, and they will grant the 
exclusive right to the holders to search for speci­
fied minerals in specified areas for a period of 
four years. (10)
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Mineral production in Zaire and in Zambia differs con­
siderably in investment, sources of financing, and production 
trends, although important similarities exist in the geology, 
mineralization, and overall development potential in the 
Copperbelt. These differences have affected not only the out 
puts of copper, but also the revenue, the exports, and the 
reserves, Table 8. In Zaire copper was produced exclusively • 
by UMHK. In Zambia production is insured by a multi-firm com 
plex possessing greater financial capabilities. Investment 
in exploration and development remained larger in Zambia than 
in Zaire. The diversification of Zaire's economic partners 
and the opening of Shaba and of other potential areas to in­
ternational' mining interests, is, therefore, an important 
turning point in the development of mining in the Copperbelt. 
The value and merits of the Zaire's mining policy can be mea­
sured only by the successful creation of SODIMIZA, SIMIZA, 
and SMTF, and by the success of the present and future mining 
venture projects which are now being undertaken in Zaire by 
many international companies.
Copper represents about 7 0 percent of the total produc­
tion in Zaire and about 90 percent in Zambia. By value, min­
erals provide about 8 0 percent of Zaire's exports and more 
than 90 percent of Zambia's exports. At the same time, min­
erals provide more than 4 0 percent of government revenues
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in Zaire and more than 6 0 percent in Zambia. In 1970, copper 
production increased 9 percent and the total mining production 
increased 8 percent compared with 1969 in Zaire. Despite the 
Mufulira disaster, the overall mining production in Zambia 
continues to increase significantly compared with the pre­
disaster time. Some characteristics and the structure of the 
Zaire and Zambia's copper industries are shown in Table 10.
The economics of copper production varies considerably 
with the nature of the deposit and with a number of feasibly 
technical methods. It is consequently difficult to assess 
a priori not only the capital requirements but also operating 
costs because of the great variation in costs and availability 
of material inputs at different locations. Assuming that the 
market does not constitute an economic constraint for the 
mineral product, the selection of an optimum mine size would 
depend on the reserves, the production rate, the cut-off grade 
and on a number of other economic and technical parameters.
The economic potential of the Copperbelt is the geology, 
the reserves, and the mineralogy of its copper deposits. Ex­
cept in Zambia where the economic advantages of the rich and 
large copper deposits are offset by the fact that the rich 
sulfides are underground and by the corresponding mining costs 
most mines in the Copperbelt are open pits. Large open pit 
operations, such as in Chile, are relatively cheap to exploit 
although the copper content is comparatively low. Because
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TABLE 10
Characteristics and structure of the copper 
industry in the Copperbelt (10)
C h a r a c t e r i s t i c s  a n d  o u t p u t  or p l a n t s  p r o d u c i n o  c o p p e r  c o n c e n t r a t e s — Z a i r e
O re t r e a t 'd




Kolwozi Siliceous oxide 2,691,929
M ixed su lphide-oxido 1,270,950
K am oto* Sulphide-oxido 1,800,000 95,042 39.66%  Cu 2 .5 3 °; Co
(capac ity ) 527,129 25.78°;, Cu 2.50%  Co
(D olom itic oxide)6 - 08,900 19.57% Cu 1.75%  Co
Ruwe Sulphide-oxide 2,023,200 75,010 23.85%  Cu
(in w ashing  p lan t) 08,792 7.84%  Cu
Southern group
K ip u sh i C u-Pb-Z n su lph ide 1,128,242 217,166 23 .9 2 °; Cu
208,043 5 6 .47°; Zn
48 39.74%  P b
Central group
K a k a n d a Siliccous-oxide 790,855 128,626 26.37%  Cu © a o
K am bove M ixed su lphide-oxide 1,057,923 12,400 45.62%  Cu 2.30%  Co
127,593 2 4 .01°; Cu 0 .4 1 °; Co
(D olom itic  oxide) 39,447 19.88°; Cu 1.52%  Co
K ara  bo ve W ash ing  p lan t 200,700 85.847 8.44%  Cu
4,029 13.95%  Cu
'  996 18.27°; Cu
a T h e  c ap ac ity  o f  th e  K am oto  p la n t w as Increased  in  1903 an d  Is p lanned  to  be e x p an d ed  u p  to  
4 m illion  tons o f  o re /an n u m .
b Som e ores a re  tre a te d  w ith  do lom itic  lim estono  to  fa c ilita te  refining.
P r o d u c t s  or c o p p e r  s m e l t e r s  a n d  r e f x n ' e r i e s  — Z a i r e ,  1 0 6 8
S o u rc e  o f co n ce n tra te s
L u b u m b ash i K ipush i R a w  copper 18.S94
R uw e B lis te r  co p p er 69,847
K am b o v e C adm ium  a n d  germ an ium  for processing 3.169
Shituru® K a k a n d a Copper ca thodes 126,519
(L ikasa) K am bove Copper ingo ts 167,364
R uw e Solublo anodes 35.824
Kolwozi C opper b lan k s 14,691
Luilu® K olw ezi C opper c a th o d es 125,420
C opper b lan k s 9,930
Kolwozi K olw ezi Copper pow der 6,162
a The refineries st Shituru and Luilu also produced 3,850 tons and 4.390 tons respectively of cathodlc 
eobalt in 108&
C h a r a c t e r i s t i c s  a m i i ) i  x r i . T  o f  c o p p e r  m i n e s  —Z a i r e
Location o f  m in e T ’/p c  o f m in im i  O peration C h a ra c terU tia r o f ore
O u tp u t  o l y r r - l 9 S S  
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K ipush i l*nit(kr^rouitc1 Mixed Cu-Zn 1.134,762
Central group
M’sesa
K am bove  (west) 
K a k a n d a
O pcn-p it
I ’m lorcroum l
O pcn-pit
O xide





a Till* m ine ih a t low o u tp u t Um-:iuko o f problem * In g e ttin g  th e  ore  o u t o f  the  none.
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TABLE 10 CONTINUED
P r e s e n t  s t r u c t u r e  o r  t h e  Z a m b i a n  c o p p e r  i n d u s t r y
Sehanga  Consolidated Copper H in es  L id  
(Sl% M indeco L id  and 49%  Z am bia  Copper Investm ents L td I




M itnbu la  (opcn-pit)
T itu la  (open-pit)
N ch an g a  (open-pit)
N ch an g a  (underground)
K onkola D ivision  
M ines:
K o n k o la  (underg round)
U n d er d ev e lo p m en t: K an san sh i
Jtokana D iv ision  
M ines:
M indola N o rth  (underg round)
C ontral (underg round)
S o u th  (underground)
B an cro ft (underground)
U n d er dev e lo p m en t:
H w ana M k u b u a  (open-pit)
M indola  N o rth  (open-pit)
B roken H ill  D ivision
(O perations referred  to  u n d e r lead  a n d  zinc)
C o n cen tra tio n  p la n t:  Chingola
C oncen tra tion  p la n t:  K onko la
C on cen tra tio n  p la n t:  N k a n a  
S m elte r: N k an a
C o n cen tra tio n  p la n t:  B w an a  M kubw a
R oan Consolidated M ines L td  
(51 °a H intfeco U d , 12.25%  Zam bian  Copper / nvestments H d .a 
2 0 %  R oan Selection T ru st International In c ., anti 15.75%  public holdings)
M u filira  D ivision
M ine: M ufilira (underg round)
L u a n sh ya  D ivision
M ine: L u an sh y a  (underg round)
C him bulum a D ivision  
M inos:
C h im bulum a (underg round) 
C ham bishi (open-pit)
U n d er dev e lo p m en t: 
K alcngw a (open-pit) 
C ham bishi (underg round)
K dola  Copper Refinery D ivision  
Ncfola e lec tro ly tic  refinery
C o n cen tra tio n  p la n t:  M ufilira
S m elte r a n d  e lec tro ly tic  refm ory: M ufilira
C on cen tra tio n  p la n t:  L u an sh y a  
S m elte r: L u an sh y a
C o n cen tra tio n  p la n t:  Cham bishi
s  ZAmbian C opper In v es tm en ts  L td  is a  com pany  reg is te red  In Ile rm uda  to  Acquire th e  assets form erly  
ow ned by  A nglo-A m erican (C en tra l A frica) L td .
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the production of copper is essentially an extractive activity, 
as opposed to the production of aluminum which is basically 
a manufacturing process, the mining methods used to develop 
the deposit is an important capital and cost factor, Table 11. 
Rich and large reserves, such as those in Shaba, that can 
be exploited by open pit have two important economic advan­
tages. In the short run the deposits would yield a high re­
turn on the investment; and in the long run, the reserves pre­
sent a comparatively longer life of the project. The coinci­
dence of cheap and abundant energy resources in Zaire and in 
Zambia is another significant advantage of the copper develop­
ment prospect in the Copperbeit. Tax and investment incentives 
offered by the investment laws of Zaire and of Zambia are com­
mensurate advantages.
TABLE 11





















Of the world total, the Copperbeit contains respectively 
31 percent cobalt reserves in Shaba and 16 percent cobalt re­
serves in Zambia, with production amounting to more than 6 0 
percent, of which Zaire supplies more than 51 percent. (8) 
Table 12 shows the distribution of cobalt reserves. Produc­
tion in Zaire and in Zambia is included in tables 8 and 9.
TABLE 12
Principal cobalt reserves of the world (2)
Million
Country_________   Pounds
Canada----------    386
Cuba  74 4
Morocco  2 8
New Caledonia------------------ 880
U.S.S.R. ----------------------- e450
United States---------   56
Zaire-------------------------- 1,500
Zambia--------    766
Total 4,810
e Estimate
Zaire and Zambia produce lead, zinc, germanium, silver, 
gold, platinum, and palladium as copper byproducts. Tin, 
radium, and uranium were produced by the Union Minidre.
Nickel is particularly abundant in Shaba, but is not recovered. 
Molybdenum, rhenium, and other byproducts are not produced 
in the Copperbeit. Copper and zinc are produced as co-pro- 
ducts in Kipushi in Shaba. Zinc reserves of both Zaire and 
Zambia are respectively 2 million and 1.16 million tons. (10)
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Shaba has small lead reserves; the Lower Zaire Region has a 
greater potential. Zambian lead reserves are about 55 0,000 
tons at Broken Hill, near Kabwe. (12)
Because the recovery of the byproducts is made at in­
cremental costing, price is the single most important factor. 
Zaire's total cobalt production in 1970 was 14,0 00 tons and 
represented 7.8 percent of the value of all mineral exports. 
Copper and cobalt represent respectively about 85 and 10 per­
cent of Gecamines' income. The growth, the potential, and 
the economic importance of Zaire and Zambia's copper bypro­
ducts is shown in Table 8. The price of cobalt in 1971 was 
$2.2 0 before the devaluation of the dollar and $2.45 per 
pound after the devaluation. These figures are higher than 
the projected price of $1.85 during the 1968-2000 period. (2) 
Cobalt production in Zaire would increase significantly when 
SMTF begins copper production. In the absence of other pos­
sible substitute materials, nickel remains the most poten­
tial cobalt substitute.
Uranium
The production of uranium in Zaire by the Union Miniere 
du Haut Katanga ceased in 1961. Up to that date, Zaire had 
produced some 30,000 short tons of uranium principally from 
the Shinkolobwe mine in Shaba. (18) Between 1,000 and 2,000 
tons of the ore were believed left in the mines, following
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flooding of the mines at Shinkolobwe.
Uranium was first discovered on the Shinkolobwe copper 
deposit in 1915 by Major Sharp. Exploitation by the UMHK 
began in 1921, primarily for radium recovery. Between 1915 
and 1936, 100,000 tons of radioactive ore were mined and 
most of the ore produced was stockpiled; only the rich ore 
was shipped to the Olen radium plant in Belgium. (18) Al­
though the ore was primarily a pitchblend, more than 2 7 dif­
ferent types of ore were recognized. Kalongwe and Swambo 
were later brought into production after a world rise in demand 
for uranium during World War II. Between 350 and 5 00 tons 
of ore are believed to be left at the Swambo deposit, with 
the possibility of another uranium mineralization at depth. 
Kalongwe is estimated to contain 5 00 tons. (18)
These reserves assume ore containing at least 0.1—per­
cent uranium content. (17) The figures also take only par­
tial account of the probable ore that has been only partially 
recognized at great depths. Drilling at Swambo and at Kalongwe 
reached only 2 00 meters and 42 meters, respectively. Under­
ground work in Shinkolobwe was done at the 255-meter level.
(18) Reserve estimates of the world uranium resources are 
given in the following tabulation:
TABLE 13
Estimated world resources of Uranium (2) (Thousand short tons
Country Price Range Price Range Price Range
$5 to $10 $10 to $15 $15 to $30
per oound per pound per oound
RAO EAO RAO EAO RAO EAO
United States 300 350 150 200 200 440
Canada 200 290 130 170 100 300
Argentina 9 21 11 32 15 73
Free Europe
France 45 20 5 10 NA NA
Spain 11 HA 4 30 15 250
Portugal 10 7 NA 12 HA 10
Sweden NA NA 350 50 150 200
Other 7 20 21 15 20 HA
Africa:
Republic of
South Africa 205 15 65 35 55 70
Gabon 4 4 NA NA NA NA
Morocco 6 NA 11 NA 8 NA
Zaire 6 NA NA NA NA NA
Niger 12 13 13 NA NA NA
India HA NA 3 1 24 61
Japan HA NA 4 NA NA NA
Australia 11 3 3 1 i NA
Total free 
world 826 743 770 556 588 1,404
HA - Not available 
RAO - Reasonably assured ore 
EAO - Estimated additional ore
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Although uranium is especially widespread in Shaba, the 
deposits are separate from the copper-pyrite beds. Nickel 
is particularly abundant in Shaba, and at Shinkolobwe the 
ore was characterized by the Uranium-Nickel-Cobalt associa­
tion. (18) The Ni/Co ratio in the uranium vein was 3 to 1, 
(18) and nickel disappears outside the uranium vein. Cobalt, 
however, remains as impregnations or as disseminations in­
side fissures. The affinity between uranium and nickel was 
an important guide in prospecting for uranium. Gold and 
palladium were associated with uranium. Among the new min­
erals discovered at the Shinkolobwe-Kasolo area were: vae- 
site (NiS2), molybdenite, seigenite (nickel linnaeite), se­
lenium, cattierite (a mineral exhibiting an antipathic rela­
tionship to uraninite), torbenite, kasolite, and sklodowskite. 
(12)
Uraninite was the most abundant mineralization found in 
Shinkolobwe, Swambo, and Kalongwe, containing between 0.1 









in Shaba (18) 
Kalongwe
1st. Magnesite — —
2nd. Uranite Uranite Uranite
3rd. Pyrite Pyrite Pyrite - Sulf. Co.
Se - Mo Monazite
Monazite Chlorite
4th. Sulf. Co-Ni Sulf. Co-Ni Pyrite - Sulf
Cu - Co
Chalcopyrite Chalcopyrite Sulf. Cu
(Faible) (Traces)
-
But the main differences between the three deposits were in 
the presence of nickel and copper. At Shinkolobwe nickel 
was well represented, but was practically negligible at Ka­
longwe. Nickel was also well represented at Swambo. Copper 
was rare at Swambo, small and well distinct from cobalt at 
Kalongwe.
Because of economic considerations, only an ore grade 
of 0.2 percent U^Og could justify any exploitation of the 
deposits. The cutoff grade was set at between 0.1 and 0.2 
percent and the mining methods which were used would not 
permit the development of the mine below the hydrostatic 
line level. (15) This cutoff grade does not fall considerably
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below many ore grades that are mined in other countries. In
Czechoslovakia the orebody contains only 0.01 percent Uo0o;3 o
in France the ore mined contains between 0.9 and 0.2 percent 
U^Og; in Sweden the grade of the ore is about 0.03 percent; 
in India the ore grade ranges between 0.06 and 0.7 percent; 
and in Yugoslavia the grade of the ore is inferior to 0.05 
percent. (18) A resumption of the production of uranium 
from Shinkolobwe, Swambo, and Kalongwe depends therefore es­
sentially on economic possibilities.
Development Prospects Outside the Copperbeit: The geo­
logic strata that can be observed in Zaire today control the 
distribution of mineral deposits in the country, map 3. The 
foundation mass on which Zaire rests comprises essentially 
sedimentary strata transformed into a complex crystallophyl- 
lian mass with pronounced folding and intensive metamorphism. 
These strata form the conspicuous mountain rim that circles 
the vast depression occupied by the Zaire River over an area 
that extends nearly 400,000 square miles. This eroded foun­
dation mass is often exposed on the edge of the central basin, 
especially in the north and in the northeast where the min­
eral resources found consist mainly of gold, corundum, mica, 
monazite, limestone, manganese, and silicious iron, map 4..
Overlying the basement strata are sediments, measuring 
more than 26,000 feet in thickness. These strata are repre-
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sented by the Kibara Mountains, the Kibali Massif, the Crystal 
Mountains, the region of the Lulua River, and by the north­
west region. The distribution of these strata is therefore 
essentially peripheral. A great deal of mineral resources 
is found in these strata, especially in Shaba and in the Ki­
bara Mountains: tin, tungsten, tanatalum, niobium, rare
earths, gold, and bismuth (see map 4). Superimposed on these 
strata is another aureole around the central basin consisting 
of schistocalcareous and quartzite deposits. These deposits 
are divided into several groups; the most important group 
includes the Kundelungu and the Roan system in Shaba and Zam­
bia. (9) The Roan system contains abundant and important 
mineralization in copper and coproduct or byproduct minerals: 
cobalt, gold, lead, zinc, silver, and uranium.
The upper crust is composed of younger sediments that 
cover the basin. The main mineral resources found in these 
sediments include coal, sands, bituminous schists, gold. 
Tertiary and Quaternary sediments include small concentrations 
of gold, tin, diamonds, and other minerals.
Copper Potential
The copper-zinc-lead-silver combination found in the 
Copperbeit is also found in the Lower Zaire. In Zaire the occu­
rence of copper is found in the following areas: near Lake
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Mweru, near Kisangani, Lower Zaire in earlier Precambrian 
rocks, at Lubi in southern Zaire. Copper occurrence in Zam­
bia is found in a belt from Mwinilungwa in the northwestern 
corner of Zambia, to Kinsanshi; Kasempa; Chifumpa; beyond 
Broken Hill 300 miles east-southeast; in the area of Sable 
Antelope; west of Lusaka; in late Precambrian sediments a- 
round Lusaka; at Mtuga; south of Bwana Mkubwa; and in a 
2 0 0-mile long belt from Kansonso to north of Lusaka and 
Kalulu. (12)
In general, the potential for copper in areas outside 
the Zaire and Zambia Copperbeit has not been fully realized, 
which justifies the current exploration and prospecting in 
Zaire and in Zambia. The most important step taken with 
regard to exploration and prospecting in Zambia is the con­
tract signed by the Zambian Government and awarded to Geo- 
Metrics of California. The 2.4 8 million dollar contract deals 
with a complete airborn magnetic and spectrometer survey of 
the whole of Zambia. In Zaire a similar contract has been 
awarded to the B.R.G.M. When completed, Zaire and Zambia 
will be two of the few countries in Central Africa which will 
be comprehensively surveyed.
Uranium Prospects
Pitchblend and coffinite are found in the northern Zam­
bian Copperbeit disseminated with copper in a quartz-feldspar 
mosiac. The deposit at Mindola was small and has been mined
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out. Current survey and exploration could make the presently 
known deposits marketable ores.
Airborn survey has practically not been utilized in 
Zaire, except in the Copperbeit zone on a limited scale.. Ge'- 
camines has started prospecting in Shaba in the same zone.
The chances of discovering new deposits are therefore great, 
especially along the tectonic valley of the Great Lakes.
The Lower Zaire is also another potential zone. The phos­
phate deposits of Lower Zaire could be developed for the 
production of fertilizers and the recovery of UgOg- The 
phosphate rock is poor in ^2^5 anĉ  relatively rich in silica: 
the phosphate is however highly radioactive. (18) The de­
velopment of the Lower Zaire phosphate deposits for the pro­
duction of fertilizers can utilize Inga electrical energy.
The B.R.G.M. survey program should become valuable in asses­
sing the Zaire uranium potential from regions outside the. 
copper zone in Shaba, especially in the volcanic region of 
eastern Zaire.
In Zaire and in Zambia, emphasis on the production of 
base metal industries has dominated the mining enterprise 
for the past decades. The value of copper has often obscured 
the importance of the development of other mineral resources 
whose potential is great in both Zaire and Zambia, and could
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be significant in the goals of industrialization and economic 
advancement of the two countries. Because uranium develop­
ment will become increasingly important as a potential alter­
native energy source to future energy needs in the technolo­
gically advanced countries, the Copperbeit countries should 
increase their economic interest in exploration for and de­
velopment of commercial deposits. These long-range mineral 
development planning programs should be designed to benefit 
not only export economies but also present and future domestic 
energy needs.
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Comparative Production Costs of Copper
UNIDO's study of the development of the non-ferrous 
metals industry in the developing countries over the 1958-67 
decade shows some important trends in the developing coun­
tries' relative share of reserves, production, refinery, and 
consumption of bauxite, copper, lead, zinc, and tin, Table 15. 
The discovery of very large deposits of bauxite in Australia 
during this period is the main cause of the decline of the 
relative share of bauxite reserves in the developing countries. 
During this period, the developing countries' share of copper 
reserves remained relatively unchanged. The discovery of 
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discovery of rich zinc ores in Argentina, Mexico, Zaire 
and Zambia contributed to the increase in lead and zinc ores 
in the developing countries. From 1958 to 1968, the trends 
with regard to copper production were better than the trends 
with regard to bauxite, lead, tin and zinc production. In­
crease in copper production in the developing countries re­
sulted from increased output in Chile, Peru, Zaire and Zam­
bia. The developing countries* share of aluminum output 
declined considerably from 73.2 percent to 66.1 percent dur­
ing the 195 8-6 8 decade, but the share of lead and tin produc­
tion remained virtually unchanged. At the same time, the 
developing countries* share of zinc output declined mainly 
because of a large expansion of Canadian output.
Trends with regard to refinery and consumption are shown 
in Table 15. In 1968, the developing countries produced only 
6.1 percent of the world output, although the production of 
alumina has increased in the developing countries. The loca­
tion of smelters tends to be favored in industrialized coun­
tries. But the pattern for tin has'been quite the opposite 
of the aluminum. More than 70 percent of tin production is 
refined in the developing countries. All tin production in 
Zaire is refined domesticly. There was little change in the 
refinery of zinc. But there was a considerable decline in 
the developing countries' share of refined copper and lead.
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The amount of refined copper and lead output was considerably 
lower than the amount of the mined ores. Nearly all of Zam­
bian copper is refined in Zambia. During this period, Zaire’s 
refinery capacity represented only about 20 percent. In gen­
eral, large international copper producers show a strong pre­
ference for locating refineries in the market-oriented indus- 
tralized countries. Metals consumption in the developing 
countries also shows a substantial trend difference. During 
the decade aluminum consumption increased 3 8.9 percent, and 
this increase is higher than that of. any other non-ferrous 
metals, and may be attributed in many countries (India and 
Brazil) to domestic shortage of copper. However, because cop­
per has a higher demand mainly in the more technically ad­
vanced sectors of the economy, its consumption in the develop­
ing countries is relatively limited and was less than one- 
half the consumption of the world average during this period. 
By contrast, the usage of lead for batteries and of zinc for 
galvanizing in the developing countries was respectively 
greater than the world average and more than double the world 
■rate. The increase in tin consumption during this period was 
more difficult to assess.
Current expansion programs in Zaire call for the boosting 
of production capacity to 800,000 tons by 1980. By 1976, Ge- 
camines will produce 460,000 tons. Sodimiza will produce
T-1581 83
66,000 tons in 1975 and 120,000 tons by 1983. Output from 
SMTF should be more than sufficient to meet Zaire's overall 
projected capacity by 198 0. Zambian Industrial and Mining 
Corporation (ZIMCO) envisages large expansion plans aimed 
at increasing the 1970-71 capacity of 670,000 tons to 900,000 
tons by 1975. Each of Zambian's major, mining companies is 
expected to increase capacity by 100,000 tons; in the case 
of the Nchanga Consolidated Copper Mines (NCCM), the following 
is projected:
TABLE 16







With present and future capacity, it will become in­
creasingly necessary to augment both the number of and the 
capacity of smelters and refineries. Presently, there are 
three smelters and four refineries in Zambia. In Zaire, 
there are two refineries and one smelter.
Production increase and increase in smelters and re­
fineries will also bring an increase in costs that are
Rokana- (open pits, contractor 
extensions 
Bwana Mkubwa (the old mine brought 
back to production in 1971)
Chingola (new solvent method) 
Kansanshi (an old mine, due to be 
reopened, which poses technical 
problems still under investigation)
Total
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already significant in Zaire and in Zambia, Table 17. Al­
though costs are relative estimates, they constitute an 
important portion of the overall assessment’ of the feasi­
bility of a mining venture.
TABLE 17
Copper production costs 1969 (20)
Country Mines Cents/lb
Peru 2 22.4
South Africa 3 23.3
Philippines 6 23.5
Chile 8 24.3*







(non Soviet) 82 28.5
* U.S. and Chile costs have since soared.
According to the Royal Geological and Mining Society of the 
Netherlands, which published the above costs, the biggest 
increase in copper production took place in developed countries 
during the 1960-69 period. The increase was 42 percent in 
the developed countries, but only 5 percent in developing
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countries. The biggest increase was in North America, where 
an increase of from 184 million tons in 1952 to 516 million 
tons in 197 0 was recorded. (19)
Mindeco reports show that Zambian production costs rose 
from 29 percent in 1969 to 31.9 percent during the June 1970- 
71 period. But production costs rose considerably in the 
United States and in Chile, and varied between 32.8£/lb. and 
49.5C/lb., during the first part of 1971. Pollution controls 
could add more costs, estimated at 6 cents or more, (2 0) and 
the rise could give considerable incentive for development 
expansion in developing countries. There is, however, no 
theory of comparative advantage to operate, either domesticly 
or internationally, because cost estimates and measurement 
techniques depend on a large number of parameters— the phy­
sical characteristics or the nature of the deposits; the 
quantity of inputs, valued in constant dollars, required to 
produce one unit of output at different points in time; and 
changes in price of the mineral product relative to the prices 
of other products in the market. As noted in the economics 
of copper production, the stage at which production costs 
occur would have a significant effect on'a mining operation. 
Steel and aluminum costs are mainly in the processing. Cop­
per, lead, and zinc costs are mainly in the exploration and
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mining stages. Whereas processing costs would be relatively 
uniform domesticly and internationally and also for large 
and small plants, mining costs differ considerably between 
open pits and underground mines; between open pit operations 
possessing different ore grades or between an underground 
mine grading 2 percent copper and that grading 4 percent cop­
per; and between large and small sized operations. Low 
grade ores require comparatively larger tonnages of ore to 
produce corresponding tonnages of copper. (It is estimated 
that the minus-two tons of iron ore necessary to produce one 
ton of steel or the four tons of bauxite needed to produce 
one ton of aluminum compare with the needed 12 0-2 0 0 tons of 
ore to produce one ton of copper in the United States and 
Canada).
The high production costs of copper in Zaire and in Zam­
bia are also associated with high costs of transportation 
that involves long land hauls before exports of copper, Fig. 
10. Exports of copper and of other minerals from Shaba in­
volve distances of more than 2,700 kilometers. Although these 
distances compare with the distances to deliver copper from 
many producing areas in the United States to different domes- 
tic processing centers, Table 18, the inefficiency of the 
trans-shipment system in Zaire, the long delays caused by the 
system, and the payments on foreign exchange due to Zaire's
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T T  The l a r g e r  number f o r  each o r i g i n  and d e s t i n a t i o n  i s  c o s t  per  t on  of  m a t e r i a l  s h i ppe d .
2/ The smaller number for each origin and destination is cost per ton-mila of material shipped.
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export shipments via foreign territories are important cost 
influences. The construction of the proposed Shaba-Kinshasa 
electrified rail line is vital. The new line will not only 
eliminate trans-shipments; shorten present shipping time of 
more than 25 days to 3 or 4 days; and increase the shipment 
capacity; but also save important foreign exchange that could 
be allocated to other investment priorities. The goal of 
the transportation programs in Zaire and in Zambia (especially 
the construction of the Tan-Zam Railway) is self-sufficiency 
in the transportation infrastructure•and the elimination of 
circuitous export-import routing, Fig- 10. The success in 
the transportation program, the reserves, the high ore grades, 
the combination of abundant and cheap energy, the geology of 
the Copperbeit that permits the development of open pit and 
underground mining, and sound investment climates in Za'ire 
and in Zambia are strong assets which would ensure the com­




There are two basins in Zaire, the Luena basin and the 
Lukuga basin, map 3. The Lukuga basin is west of Lake Tan­
ganyika and the Luena colliery near Bukama. Hard coal is 
abundant in Luena. About one billion tons of coal are esti­
mated in the two deposits. (22)
The Lukuga basin contains five coal beds and seven thin 
seams. The beds average 5 to 6 meters in thickness. Proven 
reserves are estimated at 30 million tons, with additional 
probable reserves totaling about 75 0 million tons of coal.




Composition of Zaire's coal (18, 22)
Luena (%)* Lukuga (5)**
Moisture
Volatiles












The calorific value of the Lukuga coal is about 6,000 kcal/kg 
(22) and the Luena coal has a calorific value of 8,300-9,2 00 
Btu/lb for humid coal, with 25 percent ash, and 10,600-11,200 
Btu/lb for pulverized coal. (12) The Luena coal contains an 
estimated reserve of 150 million tons (22) and has coking pro 
perties.
In Zambia, several coal deposits have been discovered 
in the Gwebe district, at Kandebwe, in the Kafwe flats, and 
in the Luano area near Lusaka. Gwenbe and Kandabwe contain 
an estimated reserve of 20 million tons averaging 5,500 kcal/ 
kg. (22) The seams measure 2-3 meters thick. Coal at Maamba 
is of better quality, and has a calorific value of about
6.000 kcal/kg, with an ash content less than 18 percent. (22) 
The Maamba production capacity is about 3,000,000 tons.
With the conversion of Zambian smelters to the use of high 
fuel oil byproducts, Maamba will be producing only 600,000-
700.000 tons. (20) Imports to Zaire are envisaged for the 
surplus.
Petroleum Fuels
In the absence of important reserves, Zaire and Zambia 
must depend on imports for petroleum needs. In Zaire, im­
ported crude is refined in Moanda. The Refinery is built in 
Kinlao, and operates under a contract signed in 1968 on the 
behalf of Mobil Oil, Petroza'ire, Shell Oil, and Texaco Oil
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which supply the oil the company refines. Zaire owns 5 0 per­
cent interest in the SOZIR refinery (Socidtd Zalroise-Itali- 
enne de Rafinage). The capacity of the refinery is 650,000 
tons of crude and may be expanded if necessary.
Petroleum supply to Zambia is ensured by the 1,700-kilo­
meter pipeline linking the Copperbelt with Dar es Salaam.
Its capacity is 75 0,000 tons and could be increased to 1,000,000 
tons a year. The pipeline was completed in 1968, and will 
ensure petroleum supply to the proposed Ndola refinery. Re­
cently, a 50-million Kwachas ($7 0-million) agreement was signed 
between Italy and Zambia for the expansion of the Zambia-Tan- 
zania pipeline. (2) The loan was made at 7-percent interest 
payable over a period of only 12 years. (20)
Oil Shale Development in Zaire
As a substitute for oil imports, Zaire could develop its 
domestic oil shale and tar sands deposits that contain more 
than 15,000 million tons of crude oil, or more than 2 0,000 
million tons of coal equivalent. (22) The deposits are di­
vided into three main locations. Bituminous schists occur 
in the Kasai/Kwanga region. In the Lower Zaire, sandstones 
and limestone beds are heavily impregnated with tar. The 
layers measure about 50 meters thick, containing 12 to 18 
percent bitumen. Various limestones containing 11.16 and 37 
percent (22) asphalt are also found in this coastal region.
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More important deposits of oil shales are located in the 
northeastern part of Zaire. The deposits cover an area of 
about 14,000-square kilometers. (22) The main locations 
comprise the left bank of the Lualaba River between Kisangani 
and Ponthierville and the Lomani River. The thickness of 
the beds is about 10 meters. (22)
The total reserves of the deposits are larger than the 
entire known hydrocarbon reserves of the rest of Africa., map 
3-. Samples of the shale yielded on distillation between 100 
and 15 0 litres of crude oil per ton, 8.75 kilograms of ammon­
ium sulphate, 2.75 percent fixed carbon, and residual ash.
(22) Fractional distillation of the crude yielded the fol­
lowing results:
TABLE 2 0









0-120 Gasoline 12.6 
Kerosene 2 9.5 

















Methane gas deposits in Lake Kivu have been explored 
only on a limited scale, map 6, Reserves of methane belong­
ing to Rwanda are about 22 billion cubic meters of nitrogen, 
with about 22 billion additional cubic meters of gas reserves 
belonging' to Zaire. (22) The deposits rest on an active vol­
canic area of the East Africa Rift Valley. Carbon dioxide 
gas and methane are absorbed in the peculiarly-layered waters 
of the lake below the 210-foot depth and between the 600-foot 
level and the 1,62 0-foot lake’s maximum depth. (18)
The deposit is dynamic. The gas is derived from anaero­
bic decomposition of plankton. Carbon dioxide and methane 
are the main components, but hydrogen sulfide is also found 
in minor quantities. (18) The content in methane diminishes 
with depth, Table 21.
•TABLE 21







A rational exploitation of the gas would eliminate Zaire and 
Rwanda's present gas imports. Methane could be used as a fuel
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for vehicles, in the manufacture of fertilizers, and in other 
synthetic products for the domestic economy.
Electric Energy
Africa contains a hydropower potential estimated at
204.000 MW capacity, which corresponds to 40 percent of the 
total world potential, or 3.5 times the potential of North 
America. (12) One-third of the continent is covered by de­
serts, however. These power resources are distributed in 
the remaining 2/3 of the continent. The Zaire basin contains
130.000 MW, the Nile 60,000 MW, and the remaining 140,000 MW 
in other basins. (12) Waterfalls constitute the main power 
sources. Tabulated estimates of the main reserves sites are 
given below:
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Zambian Hydro-Power Potential: United Nations estimates
of Zambian total hydro-power potential is at least 12,000 
million kilowatt-hours a year. (22) Electric energy is Zam­
bia^ strongest source of primary energy, map 5. This energy 
is concentrated mainly in the Zambezi River which forms the 
border between Zambia and Zimbabwe. The main hydroelectric 
scheme in the Zambian-Zimbabwe area is the Kariba dam, with 
a total installed capacity of 705 megawatts (22) on the sou­
thern bank of the Zambezi River. An additional scheme was 
originally planned at Kariba II as an underground station, 
with a total capacity of 9 00 megawatts, (22) downstream from 
the Kariba Dam. Kariba II was planned to be erected on the 
Zambian side. Production from Kariba I amounted to 4,105 
million kilowatt-hours, and Zambia imported 2,5 38 million 
kilowatt-hours, or 62 percent of the total production of Kar— 
iba I. (22)
The second most important hydroelectric scheme in Zambia 
is the Kafue Gorge, planned in four stages. The first stage, 
completed in 1972, has a capacity of 600 megawatts, and the 
subsequent stages will add respectively 7 80 megawatts, 1,125 
megawatts, and 1,5 00 megawatts. (22) In addition to the Ka­
fue projects, the Victoria Falls station was expanded in 
1969 to 68 megawatts; its total production capacity amounts 
to 315 million kilowatt-hours per annum. (22) Work on another 
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of the Victoria Falls power station to 108 megawatts installed, 
with an average annual production of 8 00 million kilowatt- 
hours. (22)
Future Development Prospects
Self-sufficiency in the production of electricity was 
considered vital for the economy of Zambia following UDI.
The first national development plan covering the 1966-197 0 
period sought to raise both the production and the consump­
tion of electricity. From a 3,45 8-million kilowatt-hours 
consumption in 1969/70, Zambia is expected to consume about
5,84 0 million kilowatt-hours by 1980, with the Copperbelt 
accounting for 85 percent at the present time and about 80 
percent by 1980. (22)
Assuming that both the Kafue and the Kariba schemes will 
be in operation in the next two decades (the total production 
capacity of Kariba, 8,500 million kilowatt-hours per annum 
will have to be shared by Zimbabwe and Zambia, or 4,250 mil­
lion kilowatt-hours per annum); that the diesel stations in 
the interior parts of Zambia will decrease production; and 
that the existing thermal plants in the Copperbelt and around 
Lusaka will reduce production to the required safety level 
of the mines, the following estimates of production can be 
made, Table 23. Zambian surplus could be exported to Zaire, 
and by 1980 Zambia could export electricity to Zimbabwe.
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TABLE 2 3
Estimates of production of electric energy in Zambia, 1966- 
1980 (millions of kilowatt-hours) (22)
Plant 1966 1970 1980
Thermal Power Plants
Copper Belt 314 140 140
Lusaka 14 15 15
Others 16 20 20





Broken Hill Mines (Kavwe) 210 200 240
Victoria Falls 25 315 660
Others 10 10 10
Kafue Gorge - - 2,800
Kariba II - - 3,930
Total, Hydro-power
plants 245 525 7,640
Total, Thermal and
hydro-power plants 603 715 7,840
Zaire Hydroelectric Energy Potentiali O.N.R.D.'s i
mates of Zaire's hydroelectric energy amount to 530 billion 
kilowatt-hours per annum, located mainly in the Lower Zaire 
between Kinshasa and the port of Matadi, and in the Shaba 
Region. The Rinshasa-Matadi area contains 4 0 percent of the 
total exploitable potential.
These enormous resources result from the combination of 
exceptionally favorable climatic conditions and relief char­
acteristics of the Zaire Basin. The river is particularly
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favored by its catchment area, totalling 1,600,000 square 
miles that extends on both sides of the equator. Rainfalls 
and seasons alternate north and south of the equator. The 
alternation results in a remarkable stability of both the 
basin and the chemical composition of its waters, especially 
near the mouth of the river where the largest available en­
ergy potential is located.
The basin is also characterized by a central depression, 
"la cuvette centralle" enclosed by a mountainous belt rising 
in the east, in the south, and in the west. Hydroelectric 
sites are abundantly distributed around the mountainous belt, 
and coincide with the mineral-rich regions of Shaba and the 
Eastern Region. Waterfalls constitute essential and primor­
dial sites for hydroelectric power development. Numerous 
rivers, capable of becoming potential power development sites, 
contain lakes and other favorable sites that could be utilized 
for the control of the flow. Development costs of these sites 
are also significantly reduced because of low population den­
sity around the important sites and because of the short dis­
tances between the sites and industrial centers.
Production and Distribution of Electric Energy in Za'ire
The distribution of hydroelectric energy is largely con­
trolled by the Zaire River. From its source south at an al­
titude of 5,350 feet on the Zaire-Zambeze divide, the Zaire
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Lualaba River flows north, and drops to an altitude of 1,200 
feet at Kisangani and to 1,000 feet in Kinshasa. The flow 
increases from 470,000 cubic feet per second at Boyoma Falls, 
near Kisangani, to an average of 1,15 0,000 cubic feet per 
second 1,000 miles downstream in the Stanley Pool in Kanshasa. 
(12) Even during the driest season, the Zaire River maintains 
a flow of more than 1,050,000 cubic feet per second at the 
Stanley Pool. (12)
Between Kinshasa and Matadi the Zaire River crosses the 
Crystal Mountains (2,46 0 feet) and the late Precambrian geo- 
syncline of the Lower Zaire Region, and loses 900 feet in al­
titude before entering the Atlantic Ocean. In this descent,. 
it accumulates an energy potential of 114,000 hp., or 17 per­
cent of the world total. (12) The Inkisi tributary contri­
butes an additional 300,000 KW, and flows at an average of
2118.84 cubic feet per second. (12) The most important falls 
on the Inkisi are Zongo and Sanga, which are, respectively,
90 and 4 0 miles from Kinshasa. The Inga falls, upstream from 
Matadi, possesses the greatest energy potential, estimated 
at 30,000 MW; and additional 3,000 MW potential is contributed 
by the Matamba Valley.
The production and consumption of electricity in Zaire, 
and the main characteristics of the energy distribution, are 
summarized in Table 2*t. This zonal distribution reflects not 
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the Zaire population is still rural), and the low per capita 
income, but, more importantly, the vastness of the territory 
and the autonomous economic potential of each region. The 
two principal poles are Kinshasa (manufacture) and Shaba 
(mining). The production and the consumption of energy are 
concentrated mainly in these two poles. Between 1961 and 
1967, the average annual energy consumption in the Kinshasa 
pole and in Shaba was, respectively, 10 and 7 percent. (18)
But per capita consumption was only 130 Kwh in Kinsha'sa 
and 160 KWH in Shaba. The consumption of energy decreased 
significantly in 1960 because of the difficulties which af­
fected Zaire after the independence. The same upward rise 
in the energy demand of the 1950-1958 period has been restored 
is expected to increase considerably because of the develop­
ment of agriculture and mining, the diversification of the 
manufacturing industry, and because of-the development of the 
chemical and metallurgic industry.
The Kinshasa Pole
The production of hydroelectric energy is insured by 
Zongo I and Sanga I power stations on the Inkisi River. A 
network of high voltage lines insures the supply of energy 
to all the important industrial centers in Kinshasa and in 
the Lower Zaire Region. Kinshasa is the main focus of the 
energy demand in the region and has a total installed-capa- 
city of 9,400 KW in 1948 and 77,000 KW in 1968; (18) and
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during the same period, consumption increased from <30 million 
Kwh to 25Q^illion Kwh and represented an annual rate of 
increase of 8 percent. (18)
Because the existing stations could guarantee only a 
limited capacity, the development of additional sources was 
envisaged on the Inkisi River and included the construction 
of Zongo II, Sanga II, and Project Kilemfu. But these pro­
jects were abandoned in 1965, following the Government's de­
cision to harness the enormous potential of Inga, where 40 
percent of Zaire's total energy potential is located.
Inga I is now operating, with a power capacity of 1,100 
MW. Its financing, totalling $64 million, comprises $24 mil­
lion by the Zaire Government, $2 0 million by Italy, and the 
balance provided through loans by the World Bank and other 
international financing institutions. The entire Inga scheme 
comprises Inga I and Inga II and the construction of the Inga- 
Shaba transmission line. The completion of the entire Inga 
project and of the transmission line will make Inga the most 
powerful station in Africa. The electrical output that Inga 
will produce will equal 1/3 of the electrical energy which 
the United States now produces— 30,000 MW annually. The Inga- 
Shaba line is now being built by an international consortium 
and will extend 11,000 miles. The estimated cost is about 
$225 million. The line is a DC transmission line that will
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carry 1,000 MW and benefit Gecamines', SODIMIZA, SMTF, and 
other mining industries in the Copperbelt.
Energy costs in mining and industrial production can be­
come critical in appraising the feasibility of an enterprise 
as in the aluminum industry, Table 11. Because vertical in­
tegration is required and energy is the major cost component, 
location of the plant near the power sources is important. 
Estimates of the power requirements to produce aluminum at 
a world average cost in 1966 were between $0,002 and $0,008 
per kilowatt-hour. (24) In Colombia and in Venezuela, $0,035 
was the average cost-per-kilowatt-hour, or a total cost of 
$59.50 per-ton of primary aluminum. (24) In 1971, the cost 
of energy in the production of electrolytic copper in the 
United States was estimated at $0.01 per-kilowatt-hour for 
a 300,0 00-ton-per-year refinery; the total production cost 
in the copper electrolysis was estimated at 18,000 Kwhr/hr 
x 8,76 0 hr/hr x $0.01/Ewhr or $15,768 per year. (25)
The cost of energy depends on a number of parameters.
The quantity of energy supplied is measured in kilowatt-hours 
and the maximum demand is measured in kilowatts. The scale 
factor, which is an important component of the quantity of 
energy supplied and of the maximum demand, is a commensurate 
advantage of Inga which can supply abundant energy at rela­
tively low tariff cost for the consumer industries. The
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strategic location of Inga is also important. Kinshasa is 
a fast-growing manufacturing center and the Lower Zaire Re­
gion possesses important mineral potential in bauxite, phos­
phate, copper, lead, zinc, gold, limestone, oil shales, and 
other minerals. The following projects in the Kinshasa Pole 
will benefit from Inga: steel and fertilizers production;
aluminum production by Kaiser; electric traction of locomo­
tives; manufacturing industry in Kinshasa; and electrifica­
tion of the urban centers.
The Shaba Pole
Mining is the main industry in Shaba. Copper dominates 
the entire economic life in Shaba; but potential development 
exists with untouched deposits of manganese, tin, tungsten, 
uranium, iron, rare earth metals, and other minerals, some 
of which are produced in the Kivu area.
Gecamines1 expansion program calls for a 30 percent in­
crease in mineral production during the 1968-1975 period; 
the company's energy needs and capacity, assuming an annual 
utilization of 7,000 hours of the maximum power, are, res­
pectively, 3,340 GWH and 477 MW. (18) The available power 
sources of the company, the distribution and the characteris­
tics of the energy system in Shaba are described in Table 24 
and in Table 2 5. The load factor in Shaba is about 85 percent; 
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Gambia are estimated in Table 25. The obvious power deficit, 
beyond the 1975-1980 period, can be covered by the following 
possiblities--the expansion of the local energy production; 
imports from Zambia; and the completion of the Inga-Shaba 
transmission line by 1976. Zaire and Zambia could also en­
visage a joint energy development program in which Inga could 
play an important role.
The Kivu area comprises the entire Kivu Region. There 
are many hydroelectric power sources in the zone, but their 
importance is limited. Eleven waterfalls are known in the area, 
including Zaire's only two known geothermal energy sources.
The most important power source is Mururu, on the Ruzizi River, 
map 6. The river is an international river, and flows at about 
67 cubic meters per second; (22) its estimated hydroelectric 
power potential is 3 MW. (22) The maximum annual production 
capacity of Mururu station is about 105 million Kwh. (22)
Consumption of electric energy in the Kivu Region is 
estimated to increase from 15.1 million Kwh in 1966 to 63 million 
Kwh in 1980. (22) Estimated of production from Mururu during
the 1973-1980 forecat period are given in Table 26; and the 
distribution of the station energy production to the neighboring 
countries is also shown in the same table.
T-1581 116
PRIMARY ENERGY RESOURCES AROUND LAKE KIVU 
RESSOURCES DEMERGE PRIMAIRE AUTOUR DU LAC KIVU
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Kivu hydroelectric energy pattern (22)
I. Estimated production of new hydroelectric power 















II. Estimated distribution from the Mururu power
1966-1980 (22)
(millions of kilowatt-hours) 
Production Democratic Distribution to. 
of Mururu Republic of
Year and new HE the Congo Burundi Rwanda
1966 30.0 15.1 14.6 0.3
1967 34.0 16.3 17.3 0.4
1968 38.0 18.2 19.2 0.6
1969 42.0 20.4 20.6 1.0
1970 68.8 22.8 30.0 16.0
1971 78.0. 25.0 32.0 21.0
1972 91.0 28.0 36.0 27.0
1973 101.0 31.0 37.0 33.0
1974 113.0 34.0 39. 0 40.0
1975 127.0 38.0 44. 0 45.0
1976 147.0 42.0 48.0 57.0
1977 169.0 47.0 55.0 67.0
1978 195.0 52.0 64.0 79.0
1979 233. 0 57.0 74.0 102.0
1980 276.0 63.0 85.0 128.0
Besides this limited hydroelectric potential, Kivu is 




Sources of primary energy around Lake Kivu (22)
Millions of tons 
Source of coal equivalent
Methane cas in Lake Kivu 54
Peat in ivanda 634
Coal of tine Lukuga basin 750
Oil shale in the Democratic 
Republic of the Congo 20,000
Hydroelectric potential of 
the Ruzizi River 150 (in 100 years)
Hydroelectric potential of 
other rivers in the area --




The two main characteristics of the labor force in Zaire 
and in Zambia are unemployment among unskilled workers and 
an inadequate supply of manpower in the professional and tech­
nical categories. The two problems are related to both the 
historical colonial heritage and the state of the economy at 
the present time. Academic training as well as technical and 
professional training was almost nonexistent during the co­
lonial rule a decade ago. Despite the high .degree of indus­
trialization and development achieved during the colonial 
period, the African was not integrated in the producing forces 
of the economy. Promotion to posts of responsibility was li­
mited, if not nonexistent. Since independence, strong labor 
legislation has been initiated to alleviate these two problems. 
Government policy makers are also concerned that job positions 
requiring advanced skills or professional training be increas­
ingly filled by Zairians or Zambians.
Post-independence labor legislation has been designed 
mainly to re-define jobs so that more unskilled or semi-skilled 
persons could fill positions; to increase training programs
119
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to upgrade existing skills; to utilize Zairians and Zambians 
at maximum; and recruit foreigners to train Zairians and Zam­
bian replacements. In Zaire the most important piece of labor 
legislation since independence is the Code du Travail (Labor 
Code) of 1967. The legislation covers all workers except 
those in the judiciary, civil service, military, and police, 
and defines working conditions, rights of workers, and col­
lective-bargaining procedures. Full pension, survivor, ac- . 
cident benefits, and unemployment insurance are provided in 
the 1964 Institut Notional de.Securite Social (National So­
cial Security Institute). A twelve-member Administrative 
Council regulates the INSS and includes four members each 
from labor, management, and government appointed by the presi­
dent of the Republic. A permanent committee of three members 
acts in place of the. council on day-to-day emergency issues.
The main pieces of.legislation regarding labor in Zambia 
are: the 1965 Employment Act; the Apprenticeship Ordinance;
the Employment of Women, Young Persons, and Children Ordinance; 
and the Factories Act. The goals of the various programs are 
the attainment of Zambianization through which the Govern­
ment intends to achieve rapid development and industrializa­
tion .
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Specific data as regards manpower and skills in the min­
ing industry in Zaire and in Zambia were not obtained. There 
are more than 21 mining companies in Zaire. Zambia also has 
a large number of mining companies. Gecamines has more than 
2,300 salaried workers, of whom more than 1,400 are foreigners, 
and its staff comprises about 4 00 trained geological survey 
personnel. But the number of persons benefitting from 
Gecamines directly or indirectly may well be more than 12 0,000.
In 1971, Sodimiza employed 2,968 Zairians and 353 Japanese
technicians and administrators. (5) Statistical data on 
wages and wage rates by economic sectors were not obtained, 
although it is assumed in this analysis that wage rates in 
mining and mining-related activities in both Zaire and Zambia 
are relatively higher than in other industries. Salaries 
and wages of the African workers are substantially lower than 
those of European technicians. This analysis has to rely on 
the per capita income in Zaire ($90) and in Zambia ($350) as 
a tangible measure of income and salary of the African mine
workers in the two countries.
In Zambia, extensive training programs are operating.
In the mining industry, the Anglo-American Corporation and 
Roan Selection Trust operate extensive training programs, 
many of which are offered in formal training schools estab­
lished by the industries. The Government-run Educational
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and Occupational Assessment Service measures the potential 
capacity of personnel and advises employers on selection 
for training. This service is extensively used throughout 
Zambia. In addition, the Zambian Government finances the 
compulsory training to be provided to Zambian employees by 
all employers.
The cost of skills and training in Zaire and in Zambia 
are therefore not totally assumed by the industry. Instead, 
the government offers tax breaks and exemptions based on the 
firm*s employment policies, as regards the number of Zair­
ians or Zambians employed and the degree of training to be 
offered to the African workers.
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TRANSPORT
The isolation of Zambia from the sea, the quasi-isola­
tion of Zaire, the enormous territory covered by Zaire and 
Zambia, the physical complexity of Zaire and Zambia's ter­
ritories, and the number and diversity of the neighboring 
countries are only some of the problems confronting the de­
velopment of adequate transportation and communication net­
works in Zaire and in Zambia. Beside the physical and po­
litical constraints, there are human and financial constraints 
that require important capital investment often beyond the 
resources of the countries.
Modern and efficient transportation is an ubiquitous 
problem in Africa. Two-thirds of Zaire's territory is cov­
ered by dense forest and by an unlimited number of rivers, 
lakes, and swamps. The cost of building efficient networks 
of rail and road facilities is enormous. Zambia's total 
isolation in the interland area also increases building costs, 
which are transferred into the costs of transporting mining 
and agriculture products to the seaports. Because the trans­
port lines cross foreign territories, good and friendly
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relations must be maintained. But the presence of Portu­
guese, Rhodesia, and South-African regimes puts a heavy fi­
nancial burden on international shipments of exports and 
imports on the Zaire and Zambian economies.
However, the Governments of Zaire and Zambia consider 
expenditures on transportation facilities a necessary invest­
ment, Table 28. It is estimated that between 1950 and 1970, 
the World Bank Group's loans and credits in Africa amounted 
to $2.7 billion, and that about one-half of the loans and 
credits were spent to develop transport facilities. (25)
The reconstruction program in Zaire listed transport as one 
of the Government's top priorities. Following UDI, the re­
routing of exports and imports transit route was one of Zam­
bia's primordial programs.
The general pattern of Zaire's transport system is sketched 
in figure 10. It is the combination of river, road, and rail­
road networks that ensures traffic of imports and exports 
in various parts of Zaire. The main river transport is pro­
vided by the Zaire River, which is the biggest navigable river 
in the world, and its tributaries. Traffic in the east is 
ensured by the Great Lakes region. Matadi is the major sea 
port. Other seaports include Boma, Banana, and Hoanda. Pos­
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Effects of Transportation: Because of long distances
separating production centers from the main ports, and because 
of inadequately or inefficient means, transportation costs in 
Zaire and in Zambia are comparatively high, especially from 
the Copperbelts. Because the Zaire river is not navigable in 
its entirety, and because of inefficnet connections between 
river boats and rail shipments, delays and series of loading- 
unloading operations increase significantly transportation 
costs.
As shown in the United Nations' study on "Transport 
Modes and Technologies for Development" (1970) (25), the
density of traffic on Shaba (Katanga) and on Bengwela rail­
ways ranked first and third respectively in West Africa. Ex­
penses per traffic unit in Shaba, however, were higher (1.54 
cents) than those of the Benguwela (.84 cents), as can be 
seen in Table 29.
TABLE 2 9
Operating expenses per traffic unit as a function of traffic 
density, selected railways in Africa (30)
Traffic density 
Expenses per thousands of
traffic unit ton-kilor.eters
Railway Year (cents) per kilometer
Benguala 1961 0.84 1,075
Nigoua 1960/61 1.45 768
Katanga 1959 1.54 580
Congo-Ocean 1962 2.05 516
East African Rvys 1962 1.46 508
Ghana 1961/62 2.04 487
Ivory Coast 1962 2.11 365
Ethiopia 1962/63 2.16 255
Dahomey 1962 3.96 135
Togo 1962 4.53 72
Note: Three passenger-kilometers are considered the equiva­
lent of 1 ton-kilometer. A traffic unit may thus be 
1 ton-milometer, 3 passenter-kilometers of a combina­




The success of the development of the mining industry 
in Zaire and in Zambia can be attributed to many factors, 
the most important ones being the exceptional combination 
of geology and energy supply, and favorable political and 
economic conditions during and after the colonial period.
The extent and diversity of Zaire's mineral resources, 
especially in Shaba, have been often described as a geolo­
gical scandal. Together with the Zambian Copperbelt, the 
Shaba Region constitutes one of the world's richest metal- 
logenetic provinces. Viewed as a single belt, the . Zambia- 
Shaba Copperbelt is the richest in the- world; and the copper 
ores mined in Shaba have a copper content substantially higher 
than can be found in any other deposit in the world. The re­
serves contained in the entire belt are also larger than can 
be .found in any other belt in the world; and the total copper 
reserves in Zaire and in Zambia will continue to be substan­
tially upgraded with present and future explorations in and
outside the Copperbelt areas. More than 90 percent of the
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copper reserves in Africa are concentrated in the Copperbelt. 
About 60 percent of the production of copper in Africa comes 
from Zambia; Zaire’s production is about 30 percent; and to­
tal African annual production is more than one million tons.
The copper mined in the Copperbelt appears in two forms: 
sulphide ores and oxides. The sulphides in Shaba are found 
in the subsoil, and the oxides on the surface. Underground 
and open pit mining can be developed. Associated with cop­
per are cobalt, zinc, lead, cadmium, germanium, gold, plati­
num metals, nickel, and palladium. Both Zaire and Zambia 
have Africa's largest reserves of zinc (4-5 million long tons), 
(12) and control more than 60 percent of the production (40 
percent in Zaire and about 2 0 percent in Zambia). (12) Total
reserves of lead in Zaire and in Zambia are not known, but 
Zambia produces about 7 percent of the continent's total out­
put, (12) about 3.5 million tons are believed to be found in 
Africa, and Morocco is the major supplier (45 percent). (12)
Zaire supplies more than one-half of the world's cobalt; more 
than 9 0 percent of the reserves are contained in Kolwezi which 
provides 80 percent (12) of the African output; Zambia has 
the continent's second largest reserves of cobalt. Zaire is 
the leading cadmium producer in Africa and ranks fifth after 
the United States, Mexico, Canada, and Peru. Namibia has 
the world's largest potential of germanium (57 percent), fol­
lowed by Zaire (36 percent) (2); both Zaire and Namibia pro­
duce more than 70 percent of the germanium output in Africa.(12)
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Zaire and Zambia are the only producers of selenium. The 
Kipushi mine in Zaire is among the major silver producers 
in Africa. Zaire and Zambia have also produced vanadium.
In Africa, Zaire possesses the largest tin reserves,
Table 30. Zaire occupies fourth place in the world's tin 
production. Zaire is also the leading■tungsten producer in 
Africa and contains, with Rwanda, most of the 80 percent of 
African tantalum reserves, two-thids of the niobium reserves, 
and the world's largest resources of spodumene (a lithium ore) 
(12), Zaire produces 20-25 percent of Africa's berryllium and 
an important quantity of the continent's monazite (cerium).
In addition to gold which is being produced in Zaire, 
uranium potential in both Zaire and Zambia is great. There 
are no known deposits of radium in the world, and Zaire's 
radium is a byproduct of the Shinkolbwe uranium mine. Zaire 
is estimated to contain about 2 percent of Africa's gold re­
sources. (12) The reserves in Zaire and in Zambia could be 
appreciably upgraded with more exploration.
Manganese and iron deposits in Zaire and in Zambia are 
large. Zaire's manganese production is about 2 0 percent of 
the total output in Africa. (12) Bauxite is not found in Zambia, 
but occurs in Lower Zaire near Inga. The combined iron and 
bauxite resources of Zaire and Zambia could give rise to a 
great integrated metallurgical industry. Iron exploitation
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TABLE 3 0 
World tin reserves (2, 10)
Country Quantity 
















combined with Zaire's abundant rare metals would produce in 
Zaire special varieties of steel. Zaire reserves and produc­
tion of industrial diamonds outweigh those of any country in 
the world. Table 31.
The range of mineral resources that exist in both Zaire 
and Zambia is practically unlimited, arid in many cases de­
velopment is still in its infancy. Bituminous shales, coal/ 
vanadium, salt, amblygonite, bismuth, limestone, sands and 
other building materials, natural gas, carbon dioxide, meth­
ane, helium, phosphate, and many more minerals have been 
only superficially explored. Their development with the un­
limited energy potential of Zaire and Zambia would contri­
bute to rapid industrialization and development.
If the geology of the Copperbelt is a significant factor 
in the development of the mining industry in Zaire and Zambia/ 
the socio-political and economic factois have been also impor­
tant. The stability that reigned during the colonial times 
and the rise in the demand and in the consumption of minerals 
aided the development of the mining industry in the two coun­
tries. This stability, critically undermined during the 
first five years of Zaire's independence, has been re-estab­
lished. Since 1967, economic recovery in Za'ire has been 
remarkable, and the flow of investment has followed this 
rising economic development, especially in the mining industry
where production continues to increase at a 9-percent 
annual rate. Political stability could not be sufficient,
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TABLE 31



























Estimated breakdown: 165 million carats industrial stones
465 million carats crushing board
although it laid the foundations for orderly economic plan­
ning. Other important achievements during post-independence, 
which were designed to stimulate production and attract the 
needed foreign capital, include the successful monetary re­
forms and the promulgation of the Zaire Code of Investments.
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Success in the economic stabilization led to the admission 
of Zaire in the Club of Ten, an accomplishment which new 
developing nations rarely attain.
Objective for 1980
By 1980 Zaire expects to produce 800,000 tons of copper 
annually. The present 9-percent annual rate of increase 
should make possible the projected 1980 output level. The 
expansion program of Gecamines, whose production increased 
6.2 percent in 1971, calls for a total investment of $100 
million. Two-thirds is financed by Gecamines,'and one-third 
by the European Investment Bank and by the Export-Import Bank. 
The output to be produced in 1976, 1978, and 1980 is, res­
pectively, 460,000 tons, 560,000 tons, and 650,000 tons.
In this five-year plan, Ge'camines intends to increase pro­
duction by 5 percent annually.
Sodimiza: The properties at Mushoshi and Tshinsenda
contains, respectively, 110.2 million tons at 3.5 percent cop­
per content, and 28.5 million tons of reserves at 5.5 percent 
copper content that include a copper vein averaging 8.4 per­
cent. Total investment at Mushoshi is about $75 million. 
Investment at.Tshinsenda is expected to be higher. Production 
at Musoshi began in 1972 at 54,000 tons annually in the form 
of copper concentrate (30 to 35 percent). Tshinsenda pro­
duction will begin in 1976 at 70,000-80,000 tons. In future 
years, the two mines will be producing 300,000 tons annually.
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After 1976, plans to build refining facilities will be 
studied by Sodimiza according to its contract agreements with 
the Zairian Government. Presently Sodimiza employs 2,968 
Zairians, of which 52 are listed as management; and 353 Japanese 
technicians and admnistrators. The number of Japanese techni­
cians is expected to decrease gradually. Total investment commit­
ted by Sodimiza amounts to more than $2 00 million in mining, 
railroad, and other infrastructure facilities. In return, Sodimiza 
benefits from all tax advantages provided in the Investment 
Code.
SMTF: SMTF’s proved reserves are a little more than 22 
million short tons averaging 6.2 percent copper and 0.4 percent 
cobalt; infered reserves amount to more than 16.3 million short 
tons. These reserves appear, however, underestimated. Thick high 
grade oxides cap sulfides below. The structure of the deposit 
is complex. A solvent extraction process will be used to mine 
the oxides by open pit methods; the sulfide ore will be mined 
by underground methods. Initial investment through 1976 will 
be more than $300 mllion. Production will await the completion 
of the Inga-Shaba transmission line. By 1976, initial production 
is estimeted at 150,000 tons of copper. Smelter and refining 
facilities will be studied in line with Zaire's policies to 
increase domestic processing capacity. The contract between 
SMTF and the Zairian Government involves the forfeiture of large
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portions of Sodimiza and SMTF's concession areas in a short 
period of time.
Expansion of copper and other mineral production in Zam­
bia is also being planned and achieved despite state parti­
cipation policies. Expansion programs at the individual mines 
and under the general mining development planning have been 
formulated. Zambia Copper Investments is the holding company 
of the Anglo-American Zambian interests. Forty-nine percent 
minority shares in Zambia's state-controlled Nchanga Conso­
lidated Copper Mines (NCCM) are held by Zambia Copper Invest­
ments (ZCI). ZIMCO (Zambia Industrial and Mining Corporation) 
also holds 51 percent interests in the state-controlled Roan 
Copper Mines in which RST controls the 49-percent minority 
shares. The originally scheduled expansion plans, involving 
capacity increase from the 1970-71 output of 670,000 tons to 
900,000 tons by 1975 have been extended to later than 1976 
because of financial difficulties caused by the drop in cop­
per price. Internal and external financing is being under­
taken to meet the industry1s financial problems. Total in­
vestments envisaged by the industry in the Second National 
Development Plan amount to about K480 million ($672 million)•
Among new interests in Zambia's mineral development are 
Rumenia (copper and iron); Yugoslavia (copper, iron, uranium);
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and Czechoslovakia. Prospects were also set up by American, 
Italian, and Japanese interests. But because of unatrac- 
tive terms presented by some aspects of Zambian mining laws, 
prospecting was not done. The Ministry of Mines and Mining 
Development is presently engaged in the revision of mining 
legislation, with the objective of encouraging development 
under more favorable and attractive terms. The new legis­
lation intends to lower the scales of minimum annual expen­
diture on prospecting and exploration, and to allow companies 
to deduct previously incurred investment expenditure from 
profits. But all these various incentives and concessions 
will not alter Mindeco's legal 51-percent majority control 
in all successful new mining ventures.
Zaire and Zambia attach a vital importance to the op­
timum development of their mining industry. Because mining 
is the basis for industrialization and"economic progress in 
Za’ire and in Zambia, stability in the social and political 
institutions is expected to continue. The monetary reforms 
in both Zaire and Zambia and the stabilization programs in the 
economy have been followed by important mining investment 
laws which ensure successful mining ventures. In their lib­
eral, yet concise terms, the investment laws of Zaire and of 
Zambia are designed to encourage and attract foreign capital? 
to protect foreign investments; and to ensure the success of
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foreign mining ventures; at the same time, the investment 
laws ensure an orderly development of Zaire and Zambia's nat­
ural resources. The control exercised by Zaire and by Zam­
bia over their respective economy is a necessary measure 
designed to bring all investment projects in line with de­
velopment and industrialization programs. Uncontrolled and 
indiscriminate influx of foreign investments in .the develop­
ing economies could disrupt the orderly economic development 
and industrialization goals of both Zaire and Zambia by cre­
ating inflation and offsetting the balance of payment.
Zaire and Zambia's control over investment projects is 
also necessary because of the role minerals and raw materials 
play in the domestic economies. The development of mineral 
resources is an important element in economic planning. Min­
ing assists in the diversification of agriculture economies. 
Mining assists industrialization by giving rise to subsidiary 
activities; and mining earns and saves needed foreign cur­
rency. Mining is also a source of private income and of pub­
lic revenue. Mining provides an opportunity for the develop­
ment of professional and technological training and expertise. 
The increasing world demand for minerals necessitates rational 
exploitation of these scarce, limited, and non-renewable com­
modities in the interest of both the domestic and international 
development.
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Both Zaire and Zambia possess abundant mineral resources 
and a great potential. Abundant energy is also available. 
Labor and transportation infrastructure are available and 
are receiving continuous preoccupation of the private and 
the public sectors for training and modernization. Bilateral 
financing of development projects in energy, transportation, 
and labor training are being pursued vigorously in Zaire and 
in Zambia, and should free the two countries 1 present depen­
dence on the neighboring countries' infrastructure.
The most seriously potential challenge to the stability 
achieved in Zaire and in Zambia appears, however, the poten­
tially explosive social, economic, and political climate in 
the Southern hemisphere of Africa, where Portugal, Rhodesia, 
and South-Africa are maintaining oppression in Angola, Mozam­
bique, Namibia, South-Africa, and Zimbabwe. Also because of- 
the strategic position of Zaire and of- Zambia in regard with 
these still-oppressed countries, the changes in the political 
realities in Angola and in Mozambique, in Zimbabwe, in South- 
Africa and in Namibia have an important effect on Zaire and 
on Zambia.
The companies that have been most successful in Zaire 
and in Zambia are those companies which have understood and 
have followed the policy of the Zairian and the Zambian Gov­
ernments. Moreover, the companies that have been most suc­
cessful in Zaire are those companies which have established
T-1581 141
their local representatives. Local representation is par­
ticularly important because of the need to create and to 
maintain the necessary dialogue and relations between the 
government and the industry not only in dealing with the 
government economic and investment policies and objectives, 
but also in taking advantage of the investment incentives 
of the local investment laws to develop the mineral potential 
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